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1

EXPOSURE APPARATUS AND DEVICEL
MANUFACTURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This non-provisional application claims the benefit of Pro-
visional Application No. 61/218,475 filed Jun. 19, 2009, the
disclosure of which 1s hereby incorporated herein by refer-

ence 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to exposure apparatuses and
device manufacturing methods, and more particularly to an
exposure apparatus that exposes an object with an energy
beam via an optical system, and a device manufacturing
method that uses the exposure apparatus.

2. Description of the Background Art

Conventionally, 1n a lithography process for manufactur-
ing electron devices (microdevices) such as semiconductor
devices (integrated circuits or the like) or liquid crystal dis-
play elements, an exposure apparatus such as a projection
exposure apparatus by a step-and-repeat method (a so-called
stepper), or a projection exposure apparatus by a step-and-
scan method (a so-called scanning stepper (which 1s also
called a scanner)) 1s mainly used.

In this type of the projection exposure apparatus, a stage
device that accurately drives a stage that moves along a pre-
determined two-dimensional plane while holding a watfer 1s
provided, 1n order to overlay and form device patterns on a
substrate such as a waler or a glass plate (hereinafter, generi-
cally referred to as a water). In this case, 1n order to improve
the throughput, 1t 1s required for the stage device to drive the
stage at high speed with high acceleration. Therefore, for
example, as disclosed 1 U.S. Pat. No. 6,437,463, a stage
device has been developed that has a configuration of driving
a stage using a planar motor by an electromagnetic force drive
method. Incidentally, the planar motor 1s configured of a
stator arranged 1n a surface plate that holds the stage and a
mover arranged 1n the stage.

Furthermore, 1t 1s required for the stage device to position
a water with respect to the device patterns with high precision
by driving the stage such that device patters are overlaid and

tormed with high precision. Therefore, 1n order to respond to
such requirement, for example, in the fifth embodiment of
U.S. Patent Application Publication No. 2008/0094594, a
two-dimensional encoder system 1s enclosed that measures
positional information of a stage by irradiating a grating,
arranged at the stage with a measurement beam from directly
below and receiving reflected/difiracted light from the grat-
ing. In the two-dimensional encoder system related to the fifth
embodiment of U.S. Patent Application Publication No.
2008/0094594, a two-dimensional encoder (a head section
that emits the measurement beam) 1s fixed to a surface plate
that supports the stage. Therefore, if the two-dimensional
encoder system described in U.S. Patent Application Publi-
cation No. 2008/0094594 1s applied to the previously-de-
scribed stage device (U.S. Pat. No. 6,437,463) having a con-
figuration that uses the planar motor without any changes, a
reaction force accompanying a drive force used to drive the
stage causes vibration of the surface plate at which the two-
dimensional encoder (head section) 1s arranged, thereby the
measurement accuracy of the two-dimensional encoder sys-
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2

tem 1s degraded, and as a consequence, there 1s a risk that the
position control accuracy 1s degraded.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there 1s
provided a first exposure apparatus that exposes an object
with an energy beam via an optical system and a liquid, the
apparatus comprising: a first and a second movable bodies
which independently move on a guide surface parallel to a
two-dimensional plane while each holding the object, and at
cach of which a measurement surface parallel to the two-
dimensional plane 1s arranged; a guide surface forming mem-
ber that forms the guide surface; a liquid supply device that
supplies the liquid to a space between the optical system and
the object held by the first or second movable body; a first
measurement system that irradiates the measurement surface
of the first or second movable body that moves within a first
area, with a measurement beam from a side opposite to the
optical system with respect to the guide surface forming
member, and receives light from the measurement surface,
thereby obtaining positional information of the first or second
movable body; and a second measurement system that, when
one of the first and second movable bodies located within the
first area moves 1n proximity to the other of the first and
second movable bodies and thereby the liquid supplied on the
one of the movable bodies moves onto the other of the mov-
able bodies, obtains at least positional information of the
other of the movable bodies.

With this apparatus, when the liquid supplied on one of the
first and second movable bodies located 1n the first area 1s
moved onto the other of the first and second movable bodies,
the first measurement system obtains the positional informa-
tion of the one of the movable bodies with high precision and
the second measurement system obtains at least the positional
information of the other of the movable bodies with high
precision. Consequently, by moving the first and second mov-
able bodies in proximity to each other based on theses mea-
surement results, the liquid supplied, on the one of the mov-
able bodies can be moved onto the other of the movable
bodies.

In this case, the guide surface 1s used to guide the movable
body 1n a direction orthogonal to the two-dimensional plane
and can be of a contact type or a noncontact type. For
example, the guide method of the noncontact type includes a
confliguration using static gas bearings such as air pads, a
conflguration using magnetic levitation, and the like. Further,
the guide surface 1s not limited to a configuration in which the
movable body 1s guided following the shape of the guide
surface. For example, 1n the configuration using static gas
bearings such as air pads described above, the opposed sur-
face of the guide surface forming member that 1s opposed to
the movable body 1s finished so as to have a high flatness
degree and the movable body 1s guided 1n a noncontact man-
ner via a predetermined gap so as to follow the shape of the
opposed surface. On the other hand, in the configuration 1n
which while a part of a motor or the like that uses an electro-
magnetic force 1s placed at the guide surface forming mem-
ber, a part of the motor or the like 1s also placed at the movable
body, and a force acting in a direction orthogonal to the
two-dimensional plane described above 1s generated by the
guide surface forming member and the movable body coop-
erating, the position of the movable body 1s controlled, by the
force, on a predetermined two-dimensional plane. For
example, a configuration 1s also included 1n which a planar
motor 1s arranged at the guide surface forming member and
forces 1n directions which include two directions orthogonal
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to each other within the two-dimensional plane and a direc-
tion orthogonal to the two-dimensional plane are generated
on the movable body and the movable body is levitated 1n a
noncontact manner without arranging the static gas bearings
described above.

According to a second aspect ol the present invention, there
1s provided a second exposure apparatus that exposes an
object with an energy beam via an optical system, the appa-
ratus comprising: a first and a second movable bodies which
independently move on a guide surface parallel to a two-
dimensional plane while each holding the object, and at each
of which a measurement surface parallel to the two-dimen-
sional plane 1s arranged; a guide surface forming member that
forms the guide surface; a first measurement system that
irradiates the measurement surface of the first or second mov-
able body that moves within a first area, with a measurement
beam from a side opposite to the optical system with respect
to the guide surface forming member, and recerves light from
the measurement surface, thereby obtaining positional infor-
mation of the first or second movable body; a mark detecting
system that detects a plurality of marks formed on the object
held by the first or second movable body within a second area
that 1s away from the first area; a second measurement system
that obtains positional information of the first and second
movable bodies that move within a third area that includes an
area between the first and second areas; and a third measure-
ment system that irradiates the measurement surface of the
first or second movable body that moves within the second
area, with a measurement beam from a side opposite to the
optical system with respect to the guide surface forming
member, and receives light from the measurement surface,
thereby obtaining positional information of the first or second
movable body.

With thus apparatus, 1t 1s possible to make the first and
second movable bodies move between the first and second
areas passing through the third area, using the positional
information obtained by the first to third measurement sys-
tems.

According to a third aspect of the present invention, there 1s
provided a third exposure apparatus that exposes an object
with an energy beam via an optical system and a liquid, the
apparatus comprising: a first and a second movable bodies
cach of which includes a first movable body member that 1s
movable on a guide surface parallel to a two-dimensional
plane while holding the object, and a second movable body
member that 1s placed on an outer side of the first movable
body member supports the first movable body member rela-
tively movable, 1s movable on the guide surface, and has a
measurement surface parallel to the two-dimensional plane
arranged, thereon; a liquid supply device that supplies the
liquid to a space between the optical system and the object
held by the first or second movable body; a first measurement
system that irradiates the measurement surface of the first or
second movable body that moves within a first area, with a
measurement beam from a side opposite to the optical system,
and receives light from the measurement surface, thereby
obtaining positional information of the first or second mov-
able body; and a second measurement system that, when the
liquid supplied on one of the first and second movable bodies
located within the first area 1s moved onto the other of the first
and second movable bodies, obtains at least positional infor-
mation of the other of the movable bodies.

With this apparatus, when the liquid supplied on one of the
first and second movable bodies located within the first area 1s
moved onto the other of the first and second movable bodies,
the first measurement system obtains the positional informa-
tion of the one of the movable bodies that moves within the

10

15

20

25

30

35

40

45

50

55

60

65

4

first area and the second measurement system obtains at least
the positional information of the other of the movable bodies
with. Therefore, the liquid supplied on the one of the movable
bodies can be moved onto the other of the movable bodies
while the positional information of both the first and second
movable bodies 1s obtained.

According to a fourth aspect of the present invention, there
1s provided a fourth exposure apparatus that exposes an object
with an energy beam via an optical system and a liquid, the
apparatus comprising: a first and a second movable bodies
cach of which includes a first movable body member that 1s
movable on a guide surface parallel to a two-dimensional
plane while holding the object, and a second movable body
member that 1s placed on an outer side of the first movable
body member, supports the first movable body member rela-
tively movable, and 1s movable on the guide surface; a liquiad
supply device that supplies the liquid to a space between the
optical system and the object held by the first or second
movable body; and a control system that moves the liquid
supplied on one of the movable bodies onto the other of the
movable bodies by driving the first and second movable bod-
1es to cause the first and second movable body members,
which the first and second movable bodies each have, to be 1n
proximity in one axial direction within the two-dimensional
plane and also cause the second movable body member of the
first movable body and the second movable body member of
the second movable body to be 1n proximity, and moving the
first and second movable bodies 1n the one axial direction
while maintaiming the proximity state.

With this apparatus, the control system causes the first and
second movable body members, which each of the first and
second movable bodies has, to be 1n proximity 1n the one axial
direction within the two-dimensional plane and also causes
the second movable body member of the first movable body
and the second movable body member of the second movable
body to be 1 proximity by driving the first and second mov-
able bodies, and moves the first and second movable bodies in
the one axial direction while maintaining the proximity state,
thereby moving the liquid supplied on one of the movable
bodies onto the other of the movable bodies. Therefore the

liquid supplied on one of the first and second movable bodies
can be moved onto the other.

According to a fifth aspect of the present invention, there 1s
provided a device manufacturing method, comprising: expos-
ing an object using any one of the first to fourth exposure
apparatuses of the present mvention; and developing the
exposed object.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings;

FIG. 1 1s a view schematically showing a configuration of
an exposure apparatus of a first embodiment;

FIG. 2 1s a plan view of the exposure apparatus of FIG. 1;

FIG. 3 1s a side view of the exposure apparatus of FIG. 1
when viewed from the +Y side;

FIG. 4A 1s a plan view of a waler stage which the exposure
apparatus of FIG. 1 1s equipped with, FIG. 4B 1s an end view
of the cross section taken along the line B-B of FIG. 4A, and
FIG. 4C 1s an end view of the cross section taken along the line
C-C of FIG. 4A;

FIG. 5 1s a view showing a configuration of a fine move-
ment stage position measuring system;

FIG. 6 1s a block diagram used to explain input/output
relations of a main controller which the exposure apparatus of
FIG. 1 1s equipped with;
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FIG. 7 1s a view (No. 1) used to explain the procedure to
expose a waler using two waler stages in the exposure appa-
ratus of FIG. 1;

FIG. 8 1s a view (No. 2) used to explain the procedure to
expose a waler using the two water stages 1n the exposure
apparatus of FIG. 1;

FIG. 9 1s a view (No. 3) used to explain the procedure to
expose a waler using the two water stages 1n the exposure
apparatus of FIG. 1;

FI1G. 10 1s a view (No. 4) used to explain the procedure to
expose a waler using the two waler stages 1n the exposure
apparatus of FIG. 1;

FIG. 11 1s a view (No. 5) used to explain the procedure to
expose a waler using the two waler stages 1n the exposure
apparatus of FIG. 1;

FI1G. 12 1s a view (No. 6) used to explain the procedure to
expose a waler using the two waler stages in the exposure
apparatus of FIG. 1;

FIG. 13 1s a view (INo. 7) used to explain the procedure to
expose a waler using the two water stages 1n the exposure
apparatus of FIG. 1;

FI1G. 14 1s a view used to explain an example of a modified
configuration of a waler stage and the movement procedure of
a liquid immersion area Lq between two waler stages;

FI1G. 15 1s a plan view of an exposure apparatus of a second
embodiment;

FIG. 16 A 1s a plan view of a waler stage which the exposure
apparatus of the second embodiment 1s equipped with, and
FIG. 16B 1s an end view of a cross section taken along the B-B
line 1n FIG. 16A;

FIG. 17 1s a view showing a configuration of a stage posi-
tion measuring system;

FIG. 18 1s a block diagram showing a configuration of a
control system of the exposure apparatus of the second
embodiment;

FIG. 19 1s a view (No. 1) used to explain the procedure to
expose a waler using two waler stages in the exposure appa-
ratus of the second embodiment;

FI1G. 20 1s a view (No. 2) used to explain the procedure to
expose a waler using the two waler stages 1n the exposure
apparatus of the second embodiment;

FIG. 21 1s a view (INo. 3) used to explain the procedure to
expose a waler using the two waler stages 1n the exposure
apparatus of the second embodiment;

FI1G. 22 15 a view (No. 4) used to explain the procedure to
expose a waler using the two waler stages 1n the exposure
apparatus of the second embodiment;

FI1G. 23 1s a view (No. 5) used to explain the procedure to
expose a waler using the two waler stages in the exposure
apparatus of the second embodiment;

FI1G. 24 1s a view (No. 6) used to explain the procedure to
expose a waler using the two water stages 1n the exposure
apparatus of the second embodiment;

FIG. 25 1s a view (INo. 7) used to explain the procedure to
expose a waler using the two water stages 1n the exposure
apparatus of the second embodiment;

FI1G. 26 1s a view (No. 8) used to explain the procedure to
expose a waler using the two waler stages 1n the exposure
apparatus of the second embodiment;

FI1G. 27 1s a view (No. 9) used to explain the procedure to
expose a waler using the two waler stages in the exposure
apparatus of the second embodiment;

FI1G. 28 1s a view (No. 10) used to explain the procedure to
expose a waler using the two waler stages in the exposure
apparatus of the second embodiment;
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FIG. 29 15 a view (No. 11) used to explain the procedure to
expose a waler using the two waler stages in the exposure
apparatus of the second embodiment;

FIG. 30 1s a view (No. 12) used to explain the procedure to
expose a waler using the two water stages 1n the exposure
apparatus of the second embodiment;

FIG. 31 1s a view (INo. 13) used to explain the procedure to
expose a waler using the two water stages 1n the exposure
apparatus of the second embodiment; and

FIG. 32 1s a view (No. 14) used to explain the procedure to
expose a waler using the two waler stages in the exposure
apparatus of the second embodiment.

DESCRIPTION OF THE EMBODIMENTS

First Embodiment

A first embodiment of the present invention 1s described
below, with reference to FIGS. 1 to 13.

FIG. 1 schematically shows a configuration of an exposure
apparatus 100 related to the first embodiment. Exposure
apparatus 100 1s a projection exposure apparatus by a step-
and-scan method, which 1s a so-called scanner. As described
later on, a projection optical system PL 1s provided in the
embodiment, and 1n the description below, the explanation 1s
given assuming that a direction parallel to an optical axis AX
of projection optical system PL 1s a Z-axis direction, a direc-
tion 1n which a reticle and a waler are relatively scanned
within a plane orthogonal to the Z-axis direction 1s a Y-axis
direction, and a direction orthogonal to the Z-axis and the
Y-axis 1s an X-axis direction, and rotational (tilt) directions
around the X-axis, Y-axis and Z-axis are 0x, Oy and 0z direc-
tions, respectively.

As shown 1 FIG. 1, exposure apparatus 100 1s equipped
with an exposure station (exposure processing area) 200
placed 1n the vicinity of the +Y side end on a base board 12,
a measurement station (measurement processing arca) 300
placed 1n the vicinity of the —Y side end on base board 12, a
stage device 50 that includes two water stages WST1 and
WST2, their control system and the like. In FIG. 1, wafer
stage WST1 1s located 1n exposure station 200 and a water W
1s held on watfer stage WST1. And, waler stage WST2 1s
located 1n measurement station 300 and another water W 1s
held on water stage WST2.

Exposure station 200 1s equipped with an illuminations
system 10, a reticle stage RST, a projection unit PU, a local
liqguid immersion device 8, and the like.

[1lumination system 10 includes: a light source; and an
illumination optical system that has an illuminance unifor-
mity optical system including an optical integrator and the
like, and a reticle blind and the like (none of which are
illustrated), as disclosed 1n, for example, U.S. Patent Appli-
cation Publication No. 2003/0025890 and the like. Illumina-

tion system 10 illuminates a slit-shaped illumination area
IAR, which 1s defined by the reticle blind (which 1s also
referred to as a masking system), on reticle R with 1llumina-
tion light (exposure light) IL with substantially uniform 1illu-
minance. As illumination light IL, ArF excimer laser light
(wavelength: 193 nm) 1s used as an example.

Onreticle stage RST, reticle R having a pattern surface (the
lower surface 1n FIG. 1) on which a circuit pattern and the like
are formed 1s fixed by, for example, vacuum adsorption.
Reticle stage RST can be driven with a predetermined stroke
at a predetermined scanning speed in a scanning direction
(which 1s the Y-axis direction being a lateral direction of the
page surface of FIG. 1) and can also be finely driven in the
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X-axis direction, with a reticle stage driving system 11 (not
illustrated 1n FIG. 1, see FIG. 6) including, for example, a
linear motor or the like.

Positional information within the XY plane (including
rotational information in the 0z direction) of reticle stage RST
1s constantly detected at a resolution of, for example, around
0.25 nm with a reticle laser interferometer (heremafter,
referred to as a “‘reticle interferometer”) 13 via a movable
mirror 15 fixed to reticle stage RST (actually, a’ Y movable
mirror (or a retroreflector) that has a reflection surface
orthogonal to the Y-axis direction and an X movable mirror
that has a retlection surface orthogonal to the X-axis direction
are arranged). The measurement values of reticle interferoms-
cter 13 are sent to a main controller 20 (not illustrated 1n FIG.
1, see FIG. 6). Incidentally, as disclosed 1n, for example, PCT
International Publication No. 2007/083758 (the correspond-
ing U.S. Patent Application Publication No. 2007/0288121)
and the like, the positional information of reticle stage RST
can be measured by an encoder system.

Above reticle stage RST, a pair of reticle alignment sys-
tems RA, and RA, by an image processing method, each of
which has an 1maging device such as a CCD and uses light
with an exposure wavelength (1llumination light IL in the
embodiment) as alignment illumination light, are placed (in
FIG. 1, reticle alignment system RA, hides behind reticle
alignment system RA, 1n the depth of the page surface), as
disclosed 1n detail 1n, for example, U.S. Pat. No. 5,646,413
and the like. Main controller 20 detects projected images of a
pair of reticle alignment marks (the illustration 1s omitted)
formed on reticle R and a pair of first fiducial marks on a
measurement plate, which 1s described later, on fine move-
ment stage WES1 (or WEFS2), that correspond to the reticle
alignment marks via projection optical system PL 1n a state
where the measurement plate 1s located directly under pro-
jection optical system PL, and the pair of reticle alignment
systems RA, and RA, are used to detect a positional relation
between the center of a projection area of a pattern of reticle
R by projection optical system. PL and a fiducial position on
the measurement plate, 1.e., the center of the pair of the first
fiducial marks, according to such detection performed by
main controller 20. The detection signals of reticle alignment
systems RA, and RA, are supplied to main controller 20 (see
FIG. 6) via a signal processing system that 1s not illustrated.
Incidentally, reticle alignment systems RA; and RA, do not
have to be arranged. In such a case, 1t 1s preferable that a
detection system that has a light-transmitting section (photo-
detection section) arranged at a fine movement stage, which 1s
described later on, 1s installed so as to detect projected images
of the reticle alignment marks, as disclosed 1n, for example,
U.S. Patent Application Publication No. 2002/00413°77 and
the like.

Projection unit PU 1s placed below reticle stage RST in
FIG. 1. Projection unit PU 1s supported, via a flange section
FLG that 1s fixed to the outer periphery of projection unit PU,
by a main frame (which 1s also referred to as a metrology
frame) BD that 1s horizontally supported by a support mem-
ber that 1s not 1llustrated. Main frame BD can be configured
such that vibration from the outside 1s not transmitted to the
main frame or the main frame does not transmit vibration to
the outside, by arranging a vibration 1solating device or the
like at the support member. Projection unit PU includes a
barrel 40 and projection optical system PL held within barrel
40. As projection optical system. PL, for example, a dioptric
system that 1s composed of a plurality of optical elements
(lens elements) that are disposed along optical axis AX par-
allel to the Z-axis direction 1s used. Projection optical system
PL 1s, for example, both-side telecentric and has a predeter-
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mined projection magnification (e.g. one-quarter, one-fifth,
one-eighth times, or the like). Therefore, when 1llumination
area TAR on reticle R 1s illuminated with illumination light
XL from 1llumination system 10, 1llumination light IL passes
through reticle R whose pattern surface 1s placed substan-
tially coincident with a first plane (object plane) of projection
optical system PL. Then, a reduced image of a circuit pattern
(a reduced 1mage of a part of a circuit pattern) of reticle R
within illumination area IAR 1s formed in an area (hereinatter,
also referred to as an exposure area) IA that 1s conjugate to
illumination area IAR described above on wafer W, which 1s
placed on the second plane (1mage plane) side of projection
optical system PL and whose surface 1s coated with a resist
(sensitive agent), via projection optical system PL (projec-
tion, unit PU). Then, by moving reticle R relative to 1llumi-
nation area IAR (1llumination light IL) 1n the scanning direc-
tion (Y-axis direction) and also moving waler W relative to
exposure area IA (1llumination light IL) in the scanning direc-
tion (Y-axis direction) by synchronous drive of reticle stage
RST and water stage WST1 (or WS'T2), scanning exposure of
one shot area (divided area) on waler W 1s performed.
Accordingly, a pattern of reticle R 1s transferred onto the shot
area. More specifically, in the embodiment, a pattern of reticle
R 1s generated on water W by illumination system 10 and
projection optical system PL, and the pattern 1s formed on
waler W by exposure of a sensitive layer (resist layer) on
waler W with 1llumination light IL. In this case, projection
umt PU 1s held by main frame BD, and 1n the embodiment,
main frame BD 1s substantially horizontally supported by a
plurality (e.g. three or four) of support members placed on an
installation surface (such as a tfloor surface) each via a vibra-
tion 1solating mechanism. Incidentally, the vibration 1solating
mechanism can be placed between each of the support mem-
bers and main frame BD. Further, as disclosed in, for
example, PCT International Publication No. 2006/0399352,
main frame BD (projection unit PU) can be supported 1n a
suspended manner by a main frame member (not illustrated)
placed above projection unit PU or a reticle base or the like.

Local liquid immersion device 8 includes a liquid supply
device 5, a liquid recovery device 6 (none of which are 1llus-
trated in F1G. 1, see FIG. 6), and a nozzle unit 32 and the like.
As shown 1n FIG. 1, nozzle unit 32 1s supported in a sus-
pended manner by main frame BD that supports projection
umt PU and the like, via a support member that 1s not 1llus-
trated, so as to enclose the periphery of the lower end of barrel
40 that holds an optical element closest to the image plane
side (waler W side) that configures projection optical system
PL, which is a lens (heremnafter, also referred to as a “tip lens™)
191 1n this case. Nozzle unit 32 1s equipped with a supply
opening and a recovery openming of a liquid Lq, a lower surface
to which watfer W 1s placed so as to be opposed and at which
the recovery opening 1s arranged, and a supply tlow channel
and a recovery flow channel that are respectively connected to
a liquad supply pipe 31A and a iquid recovery pipe 31B (none
of which are 1illustrated in FIG. 1, see FIG. 2). One end of a
supply pipe (not illustrated) 1s connected to liquid supply pipe
31A, while the other end of the supply pipe 1s connected to
liquid supply device 3, and one end of a recovery pipe (not
illustrated) 1s connected to liquid recovery pipe 31B, while
the other end of the recovery pipe 1s connected to liquid
recovery device 6.

In the embodiment, main controller 20 controls liquid sup-
ply device 5 (see FIG. 6) to supply the liquid to the space
between tip lens 191 and water W and also controls liquid
recovery device 6 (see FIG. 6) to recover the liquid from the
space between tip lens 191 and water W. On this operation,
main controller 20 controls the quantity of the supplied liquid
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and the quantity of the recovered liquid 1n order to hold a
constant quantity of liquid Lq (see FIG. 1) while constantly
replacing the liquid 1n the space between tip lens 191 and
waler W. In the embodiment as the liqud described above, a
pure water (with a refractive index n~1.44) that transmits the
ArF excimer laser light (the light with a wavelength of 193
nm) 1s to be used.

Measurement station 300 1s equipped with an alignment
device 99 arranged at main frame BD. Alignment device 99
includes five alignment systems AL1 and AL2, to AL2,
shown 1n FIG. 2, as disclosed 1n, for example, U.S. Patent
Application Publication No. 2008/0088643 and the like. To
be more specific, as shown in FIG. 2, a primary alignment
system AL1 1s placed 1n a state where its detection center 1s
located at a position a predetermined distance apart on the -Y
side from optical axis AX, on a straight line (hereinafter,
referred to as a reference axis) LV that passes through the
center of projection unit PU (which 1s optical axis AX of
projection optical system PL, and in the embodiment, which
also coincides with the center of exposure area IA described
previously) and is parallel to the Y-axis. On one side and the
other side 1n the X-axis direction with primary alignment
system AL1 in between, secondary alignment systems AL2,
and AL2,, and AL2, and AL2,, whose detection centers are
substantially symmetrically placed with respect to reference
axis LV, are arranged respectively. Mote specifically, the
detection centers of the five alignment systems AL 1 and AL2,
to AL2, are placed along a straight line (hereinatter, referred
to as a reference axis) La that vertically intersects reference
axis LV at the detection center of primary alignment system
AL1 and 1s parallel to the X-axis. Note that a configuration
including the five alignment systems AL1 and AL2, to AL2,
and a holding device (slider) that holds these alignment sys-
tems 1s shown as alignment device 99 1n FIG. 1. As disclosed
in, for example, U.S. Patent Application Publication No.
2009/0233234 and the like, secondary alignment systems
AL2, to AL2, are fixed to the lower surface of main frame BD
via the movable slider (see FI1G. 1), and the relative positions
of the detection areas of the secondary alignment systems are
adjustable at least 1n the X-axis direction with a drive mecha-
nism that 1s not illustrated.

In the embodiment, as each of alignment systems AL1 and
AL2, to AL2,, for example, an FIA (Field Image Alignment)
system by an image processing method 1s used. The configu-
rations ol alignment systems AL1 and AL2, to AL2, are
disclosed 1n detail 1n, for example, PCT International Publi-
cation No. 2008/056735 and the like. The 1maging signal
from each of alignment systems AL1 and AL2, to AL2, 1s
supplied to main controller 20 (see FIG. 6) via a signal pro-
cessing system that 1s not illustrated.

Note that exposure apparatus 100 has a first loading posi-
tion where a carriage operation of a water 1s performed with
respect to water stage WST1 and a second loading position
where a carriage operation of a waler 1s performed with
respect to water stage WST2, although the loading positions
are not illustrated. In the case of the embodiment, the first
loading position 1s arranged on the surface plate 14 A side and
the second loading position 1s arranged on the surface plate
14B side.

As shown 1n FIG. 1, stage device 50 1s equipped with base
board 12, a pair of surface plates 14A and 14B placed above
base board 12 (in FIG. 1, surface plate 14B hides behind
surface plate 14 1n the depth of the page surface), the two
waler stages WST1 and WST2 that move on a guide surface
parallel to the XY plane that 1s formed by the upper surfaces
of the pair of surface plates 14A and 14B, tube carriers TCa
and TCb (tube carrier TCb 1s not 1llustrated 1n FIG. 1, see the
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drawings such as FIGS. 2 and 3) that are respectively con-
nected to water stages WST1 and WST2 via piping/wiring
systems (hereinatter, referred to as tubes for the sake of con-
venience) Ta, and Tb, (not illustrated 1n FIG. 1, see FIGS. 2
and 3) a measurement system that measures positional infor-
mation of waler stages WST1 and WST2, and the like. The
clectric power for various types of sensors and actuators such
as motors, the coolant for temperature adjustment to the
actuators, the pressurized air for air bearings, and the like are
supplied from the outside to wafer stages WST1 and WST2
via tubes Ta, and Th,, respectively. Note that, in the descrip-
tion below, the electric power, the coolant for temperature
adjustment, the pressurized air and the like are also referred to
as the power usage collectively. In the case where a vacuum
suction force 1s necessary, the force for vacuum (negative
pressure) 1s also included 1n the power usage.

Base board 12 1s made up of a member having a tabular
outer shape, and as shown 1n FIG. 1, 1s substantially horizon-
tally (parallel to the XY plane) supported via a vibration
1solating mechanism (the illustration 1s omitted) on a floor
surface 102. In the center portion in the X-axis direction of the
upper surface of base board 12, a recessed section 12a (re-
cessed groove) extending in a direction parallel to the Y-axis
1s formed, as shown in FIG. 3. On the upper surface side of
base board 12 (excluding a portion where recessed section
12a 1s formed, 1n this case), a coil unit (the illustration 1s
omitted) 1s housed that includes a plurality of coils placed 1n
a matrix shape with the XY two-dimensional directions serv-
ing as a row direction and a column direction.

As shown 1n FIG. 2, surface plates 14 A and 14B are each
made up of a rectangular plate-shaped member whose longi-
tudinal direction 1s in the Y-axis direction in a planar view
(when viewed from above) and are respectively placed on the
—-X side and the +X side of reference axis LV. Surface plate
14A and surface plate 14B are placed with a very narrow gap
in between 1n the X-axis direction, symmetric with respect to
reference axis LV. By finishing the upper surface (the +Z side
surface) of each of surface plates 14A and 14B such that the
upper surface has a very high flatness degree, it 1s possible to
make the upper surfaces function as a guide surface with
respect to the Z-axis direction used when each of water stages
WST1 and WST2 moves following the XY plane. Alterna-
tively, a configuration can be employed 1n which a force in the
/. direction 1s made to act on water stages WST1 and WST2
by planar motors, which are described later on, to magneti-
cally levitate water stages WST1 and WST2 above surface
plates 14A and 14B. In the case of the embodiment, the
configuration that uses the planar motors 1s employed and
static gas bearings are not used, and therefore, the flatness
degree of the upper surfaces of surface plates 14A and 14B
does not have to be so high as in the above description.

As shown 1n FIG. 3, surface plates 14 A and 14B are sup-
ported on upper surfaces 125 of both side portions of recessed
section 12a of base board 12 via air bearings (or rolling
bearings) that are not 1llustrated.

Surface plates 14A and 149 respectively have first sections
14A, and 14B, each having a relatively thin plate shape on the
upper surface of which the guide surface 1s formed, and
second sections 14 A, and 14B,, each having a relatively thick
plate shape and being short 1n the X-axis direction that are
integrally fixed to the lower surtaces of first sections 14 A, and
14B,, respectively. The end on the +X side of first section
14 A, of surface plate 14A slightly overhangs, to the +X side,
the end surface on the +X side of second section 14 A ,, and the
end on the —X side of first section 14B, of surface plate 14B
slightly overhangs, to the —X side, the end surface on the —-X
side of second section 14B,. However, the configuration 1s
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not limited to the above-described one, and a configuration
can be employed 1n which the overhangs are not arranged.

Inside each of first sections 14A, and 14B,, a coil unit (the
illustration 1s omitted) 1s housed that includes a plurality of
coils placed 1n a matrix shape with the XY two-dimensional
directions serving as a row direction and a column direction.
The magnitude and direction of the electric current supplied
to each of the plurality of coils that configure each of the coil
units are controlled by main controller 20 (see FIG. 6).

Inside (on the bottom portion of) second section 14A, of
surface plate 14 A, amagnetic unit (the 1llustration 1s omitted),
which 1s made up of a plurality of permanent magnets (and
yokes that are not illustrated) placed 1n a matrix shape with
the XY two-dimensional directions serving as a row direction
and a column direction, 1s housed so as to correspond to the
coil unit housed on the upper surface side of base board 12.
The magnetic unit configures, together with the coil unit of
base board 12, a surface plate driving system 60A (see FIG. 6)
that 1s made up of a planar motor by the electromagnetic force
(Lorentz force) drive method that1s disclosed 1n, for example,
U.S. Patent Application Publication No. 2003/0085676 and
the like. Surface plate driving system 60A generates a drive
force that drives surface plate 14A 1n directions of three
degrees of freedom (X, Y, 0z) within the XY plane.

Similarly, inside (on the bottom portion of) second section
14B, of surface plate 14B, a magnetic unit (the 1llustration 1s
omitted) made up of a plurality of permanent magnets (and
yokes that are not illustrated) 1s housed that configures,
together with the coil unit of base board 12, a surface plate
driving system 60B (see FIG. 5) made up of a planar motor
that drives surface plate 14B 1n the directions of three degrees
of freedom within the XY plane. Incidentally, the placement
of the coil unit and the magnetic unit of the planar motor that
coniigures each of surface plate driving systems 60A and 608
can be reverse (a moving coil type that has the magnetic unit
on the base board side and the coil unit on the surface plate
side) to the above-described case (a moving magnet type).

Positional information of surface plates 14 A and 14B in the
directions of three degrees of freedom 1s obtained (measured)
independently from each other by a first surface plate position
measuring system 69A and a second surface plate position
measuring system 69B (see FI1G. 6), respectively, which each
include, for example, an encoder system. The output of each
of first surface plate position measuring system 69A and
second surface plate position measuring system 69B 1s sup-
plied to main controller 20 (see FIG. 6), and main controller
20 controls the magnitude and direction of the electric current
supplied to the respective coils that configure the coil units of
surface plate driving systems 60A and 60B, using (based on)
the outputs of surface plate position measuring systems 69A
and 69B, thereby controlling the respective positions of sur-
tace plates 14A and 14B 1n the directions of three degrees of
freedom within the XY plane, as needed. Main controller 20
drives surface plates 14A and 14B via surface plate driving
systems 60A and 60B using (based on) the outputs of surface
plate position measuring systems 69A and 69B to return
surface plates 14A and 14B to the reference position of the
surface plates such that the movement distance of surface
plates 14A and 14B from the reference position falls within a
predetermined range, when surface plates 14A and 14B func-
tion as countermasses to be described later on. More specifi-
cally, surface plate driving systems 60A and 60B are used as
trim motors.

While the configurations of first surface plate position
measuring system 69A and second surface plate position
measuring system 69B are not especially limited, an encoder
system can be used 1n which, for example, encoder heads,
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which obtain (measure) positional information of the respec-
tive surface plates 14A and 14B 1n the directions of three
degrees of freedom within the XY plane by 1rradiating mea-
surement beams on scales (e.g. two-dimensional gratings)
placed on the lower surfaces of second sections 14A., and
14B, respectively and using reflected light (diffraction light
from the two-dimensional gratings) obtained by the 1rradia-
tion, are placed at base board 12 (or the encoder heads are
placed at second sections 14A., and 14B, and scales are
placed at base board 12, respectively). Incidentally, 1t 1s also
possible to obtain (measure) the positional information of
surface plates 14 A and 14B by, for example, an optical inter-
ferometer system or a measurement system that 1s a combi-
nation of an optical interferometer system and an encoder
system.

One of the watler stages, waler stage WST1 1s equipped
with a fine movement stage (which 1s also referred to as a
table) WES1 that holds wafer W and a coarse movement stage
WCS1 having a rectangular frame shape that encloses the
periphery of fine movement stage WES1, as shown 1n FI1G. 2.
The other of the wafer stages, waler stage WST2 1s equipped
with a fine movement stage WEFS2 that holds water W and a
coarse movement stage WCS2 having a rectangular frame
shape that encloses the periphery of fine movement stage
WFES2, as shown 1n FIG. 2. As 1s obvious from FIG. 2, wafer
stage WS'T2 has completely the same configuration including,
the drive system, the position measuring system and the like,
as waler stage WST1 except that waler stage WS'T2 1s placed
in a state laterally reversed with respect to wafer stage WST1.
Consequently, 1n the description below, water stage WST1 1s
representatively focused on and described, and water stage
WST2 1s described only 1n the case where such description 1s
especially needed.

As shown 1n FIG. 4A, coarse movement stage WCS1 has a
pair of coarse movement slider sections 90a and 9056 which
are placed parallel to each other, spaced apart in the Y-axis
direction, and each of which 1s made up of a rectangular
parallelepiped member whose longitudinal direction 1s 1n the
X-axis direction, and a pair of coupling members 92a and 9256
cach of which 1s made up of a rectangular parallelepiped
member whose longitudinal direction 1s 1n the Y-axis direc-
tion, and which couple the pair of coarse movement slider
sections 90a and 90/ with one ends and the other ends thereof
in the Y-axis direction. More specifically, coarse movement
stage WCSI1 1s formed 1nto a rectangular frame shape with a
rectangular opening section, 1n its center portion, that pen-
etrates 1n the Z-axis direction.

Inside (on the bottom portions of) coarse movement slider
sections 90a and 905, as shown in FIGS. 4B and 4C, magnetic
units 96a and 965 are housed respectively. Magnetic units 96a
and 965 correspond to the coil units housed inside first sec-
tions 14A, and 14B, of surface plates 14 A and 14B, respec-
tively, and are each made of up a plurality of magnets placed
in a matrix shape with the XY two-dimensional directions
serving as a row direction and a column direction. Magnetic
units 96a and 9656 configure, together with the coil units of
surface plates 14 A and 14B, a coarse movement stage driving,
system 62A (see FIG. 6) that 1s made up of a planar motor by
the electromagnetic force (Lorentz force) drive method that 1s
capable of generating drive forces in the directions of six
degrees of freedom to coarse movement stage WCS1, which
1s disclosed 1n, for example, U.S. Patent Application Publi-
cation No. 2003/0085676 and the like. Further, similar
thereto, magnetic units, which coarse movement stage W(CS2
(see FIG. 2) of waler stage WS'T2 has, and the coil units of
surface plates 14 A and 14B configure a coarse movement,
stage driving system 62B (see FIG. 6) made up of a planar
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motor. In this case, since a force 1n the Z-axis direction acts on
coarse movement stage WCS1 or WCS2), the coarse move-
ment stage 1s magnetically levitated above surface plates 14 A
and 14B. Therefore, 1t 1s not necessary to use static gas bear-
ings for which relatively high machining accuracy 1s required,
and thus 1t becomes unnecessary to increase the flatness
degree of the upper surfaces of surface plates 14 A and 14B.

Incidentally, while coarse movement stages WCS1 and
WCS2 of the embodiment have the configuration in which
only coarse movement slider sections 90a and 905 have the
magnetic units of the planar motors, this 1s not intended to be
limiting, and the magnetic unit can be placed, also at coupling
members 92a and 925. Further, the actuators to drive coarse
movement stages WCS1 and WCS2 are not limited to the
planar motors by the electromagnetic force (Lorentz force)
drive method, but for example, planar motors by a variable
magnetoresistance drive method or the like can be used. Fur-
ther, the drive directions of coarse movement stages WCS1
and WCS2 are not limited to the directions of six degrees of
freedom, but can be, for example, only directions of three
degrees of freedom (X, Y, 0z) within the XY plane. In this
case, coarse movement stages WCS1 and WCS2 should be
levitated above surface plates 14A and 14B, for example,
using static gas bearings (e.g. air bearings). Further, in the
embodiment, while the planar motor of a moving magnet type
1s used as each of coarse movement stage driving systems
62 A and 62B, this 1s not intended to be limiting, and a planar
motor of a moving coil type 1n which the magnetic unit 1s
placed at the surface plate and the coil unit 1s placed at the
coarse movement stage can also be used.

On the side surface on the -Y side of coarse movement
slider section 90a and on the side surface on the +Y side of
coarse movement slider section 905, guide members 94a and
94) that function as a guide used when fine movement stage
WEFS1 1s finely driven are respectively fixed. As shown 1n
FIG. 4B, guide member 94q 1s made up of a member having
an L-like sectional shape arranged extending 1n the X-axis
direction and 1ts lower surface 1s placed tlush with the lower
surface of coarse movement slider section 90aq. Guide mem-
ber 945 1s configured and placed similar to guide member
944, although guide member 945 1s bilaterally symmetric to
guide member 94a.

Inside (on the bottom surtace of) guide member 94a, a pair
of coil units CUa, and CUb, each of which includes a plurality
of coils placed 1n a matrix shape with the XY two-dimen-
sional directions serving as a row direction and a column
direction, are housed at a predetermined distance in the
X-axis direction (see FIG. 4A). Meanwhile, mside (on the
bottom portion of) guide member 94bH, one coil unit CUc,
which includes a plurality of coils placed 1n a matrix shape
with the XY two-dimensional directions serving as a row
direction and a column direction, 1s housed (see FIG. 4A).
The magnitude and direction of the electric current supplied
to each of the coils that configure coil units CUa to CUc are
controlled by main controller 20 (see FIG. 6).

Coupling members 92a and 925 are formed to be hallow,
and piping members, wiring members and the like, which are
not illustrated, used to supply the power usage to fine move-
ment stage WES1 are housed inside. Inside coupling mem-
bers 92a and/or 925, various types of optical members (e.g. an
aerial 1mage measuring instrument, an uneven illuminance
measuring instrument, an illuminance momitor, a waveiront
aberration measuring instrument, and the like) can be housed.

In this case, when water stage WST1 1s driven with accel-
eration/deceleration in the Y-axis direction on surface plate
14 A, by the planar motor that configures coarse movement
stage driving system 62A (e.g. when waler stage WST1
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moves between exposure station 200 and measurement sta-
tion 300), surface plate 14 A 1s driven 1n a direction opposite
to water stage WST1 according to the so-called law of action
and reaction (the law of conservation of momentum) owing to
the action of a reaction force by the drive of waler stage
WST1. Further, 1t 1s also possible to make a state where the
law of action and reaction described above does not hold, by
generating a drive force 1n the Y-axis direction with surface
plate driving system 60A.

Further, when wafer stage WS'T 2 1s driven 1n the Y-axis
direction on surface plate 14B, surface plate 14B 1s also
driven 1n a direction opposite to water stage WST2 according
to the so-called law of action and reaction (the law of conser-
vation of momentum) owing to the action of a reaction force
of a dnive force of waler stage WST2. More specifically,
surface plates 14A and 14B function as the countermasses
and the momentum of a system composed of waler stages
WST1 and WST2 and surface plates 14A and 14B as a whole
1s conserved and movement of the center of gravity does not
occur. Consequently, any inconveniences do not arise such as
the uneven loading acting on surface plates 14A and 14B
owing to the movement of water stages WST1 and WST2 1n
the Y-axis direction. Incidentally, regarding waler stage
WST2 as well, 1t 1s possible to make a state where the law of
action and reaction described above does not hold, by gener-
ating a drive force 1n the Y-axis direction with surface plate
driving system 60B.

Further, by the action of a reaction force of a drive force 1n
the X-axis direction of wafer stages WST1 and WST2, sur-
face plates 14A and 14B function as the countermasses.

Further, the mirror polishing 1s applied to each of the side
surface on the +Y side of coarse movement slider section 90aq,
the side surface on the -Y side of coarse movement slider 9056
and the side surface on the —X side of coupling member 92a,
and reflection surfaces 17Y,, 17Y, and 17X are formed.
These reflection surfaces are used 1n position measurement of
waler stages WST1 and WST2 by coarse movement stage
position measuring systems 68A and 68B to be described
later on. Incidentally, instead of reflection surfaces 17Y ,,
17Y, and 17X, amovable mirror composed of a planar mirror
can be fixed to coarse movement slider sections 90a and 905
and coupling member 92a.

As shown1n FIGS. 4A and 4B, fine movement stage WEFSI1
1s equipped with a main section 80 made up of a member
having a rectangular shape in a planar view, a pair of fine
movement slider sections 84a and 845 fixed to the side sur-
face on the +Y side of main section 80, and a fine movement
slider section 84¢ fixed to the side surface on the -Y side of
main section 80.

Main section 80 1s formed by a material with a relatively
small coelflicient of thermal expansion, e.g., ceramics, glass
or the like, and 1s supported by coarse movement stage WCS1
in a noncontact manner in a state where the bottom surface of
the main section 1s located tlush with the bottom surface of
coarse movement stage WCS1. Main section 80 can be hol-
lowed for reduction 1n weight. Incidentally, the bottom sur-
face of main section 80 does not necessarily have to be flush
with the bottom surface of coarse movement stage WCSI.

In the center of the upper surface of main section 80, a
waler holder (not illustrated) that holds water W by vacuum
adsorption or the like 1s placed. In the embodiment, the watfer
holder by a so-called pin chuck method 1s used 1n which a
plurality of support sections (pin members) that support
waler W are formed, for example, within an annular protrud-
ing section (rim section), and the water holder, whose one
surface (front surface) serves as a water mounting surface,
has a two-dimensional grating RG to be described later and
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the like arranged on the other surface (back surface) side.
Incidentally, the water holder can be formed integrally with
fine movement stage WEFS1 (main section 80), or can be fixed
to main section 80 so as to be detachable via, for example, a
holding mechanism such as an electrostatic chuck mecha-
nism or a clamp mechanism. In this case, grating RG 1s to be
arranged on the back surface side of main section 80. Further,
the water holder can be fixed to main section 80 by an adhe-
stve agent or the like. On the upper surface of main section 80,
as shown 1n FIG. 4A, a plate (liquid-repellent plate) 82, 1n the
center ol which a circular opening that 1s slightly larger than
waler W (wafer holder) 1s farmed and which has a rectangular
outer shape (contour) that corresponds to main section 80, 1s
attached on the outer side of the wafer holder (mounting area
of water W). The liquid-repellent treatment against liquid Lq
1s applied to the surface of plate 82 (the liquid-repellent
surface 1s formed). In the embodiment, the surface of plate 82
includes a base material made up of metal, ceramics, glass or
the like, and a film of liquid-repellent material formed on the
surface of the base maternial. The liqud-repellent material
includes, for example, PFA (Tetra fluoro ethylene-perfluoro
alkylvinyl ether copolymer), PTFE (Poly tetra fluoro ethyl-
ene), Tetlon (registered trademark) or the like. Incidentally,
the material that forms the film can be an acrylic-type resin or
a silicon-series resin. Further, the entire plate 82 can be
tformed with at least one of the PFA, PTFE, Tetlon (registered
trademark), acrylic-type resin and silicon-series resin. In the
embodiment, the contact angle of the upper surface of plate
82 with respect to liquid Lq 1s, for example, more than or
equal to 90 degrees. On the surface of coupling member 9256
described previously as well, the similar liquid-repellent
treatment 1s applied.

Plate 82 1s fixed to the upper surface of main section 80
such that the entire surface (or a part ol the surface) of plate 82
1s flush with the surface of water W. Further, the surfaces of
plate 82 and waler W are located substantially flush with the
surface ol coupling member 925 described previously. Fur-
ther, 1n the vicinity of a corner on the +X side located on the
+Y side of plate 82, a circular opening 1s formed, and a
measurement plate FM1 1s placed 1n the opening without any
gap therebetween 1n a state substantially flush with the sur-
face of water W. On the upper surface ol measurement plate
FM1, the pair of first fiducial marks to be respectively
detected by the pair of reticle alignment systems RA; and
RA, (see FIGS. 1 and 6) described earlier and a second
fiducial mark to be detected by primary alignment system
AL1 (none of the marks are 1llustrated) are formed. In fine
movement stage WES2 of waler stage WST2, as shown in
FIG. 2, 1n the vicinity of a corner on the —X side located on the
+Y side of plate 82, a measurement plate FM2 that 1s similar
to measurement plate FM1 1s fixed in a state substantially
flush with the surface of water W. Incidentally, instead of
attaching plate 82 to fine movement stage WEFS1 (main sec-
tion 80), 1t 15 also possible, for example, that the water holder
1s formed integrally with fine movement stage WEFS1 and the
liquid-repellent treatment 1s applied to the peripheral area,
which encloses the water holder (the same area as plate 82
(which may include the surface of the measurement plate)), of
the upper surface of fine movement stage WFEFS1 and the liquid
repellent surface 1s formed.

In the center portion of the lower surface of main section 80
of fine movement stage WEFS1, as shown 1n FIG. 4B, a plate
having a predetermined thin plate shape, which 1s large to the
extent of covering the water holder (mounting area of wafer
W) and measurement plate FM1 (or measurement plate FM2
in fine movement stage WES2), 1s placed in a state where 1ts
lower surface 1s located substantially flush with the other
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section (the peripheral section) (the lower surface of the plate
does not protrude below the peripheral section). On one sur-
face (the upper surface (or the lower surface)) of the plate,
two-dimensional grating RG (heremafter, simply referred to
as grating RG) 1s formed. Grating RG includes a reflective
diffraction grating (X diffraction grating) whose periodic
direction 1s 1n the X-axis direction and, a reflective diffraction
grating (Y diffraction grating) whose periodic direction 1s 1n
the Y-axis direction. The plate 1s formed by, for example,
glass, and grating RG 1s created by graving the graduations of
the diffraction gratings at a pitch, for example, between 138
nm to 4 um, e.g. at a pitch of 1 um. Incidentally, grating RG
can also cover the entire lower surface of main section 80.
Further, the type of the diffraction grating used for grating RG
1s not limited to the one on which grooves or the like are
mechanically formed, but for example, a diffraction grating
that 1s created by exposing interference fringes on a photo-
sensitive resin can also be employed. Incidentally, the con-
figuration of the plate having a thin plate shape 1s not neces-
sarily limited to the above-described one.

As shown 1n 4A, the pair of fine movement slider sections
84a and 84bH are each a plate-shaped member having a
roughly square shape 1n a planar view, and are placed apart at
a predetermined distance 1n the X-axis direction, on the side
surface on the +Y side of main section 80. Fine movement
slider section 84c 1s a plate-shaped member having a rectan-
gular shape elongated 1n the X-axis direction 1n a planar view,
and 1s fixed to the side surface on the -Y side of main section
80 1n a state where one end and the other end 1n 1ts longitu-
dinal direction are located on straight lines parallel to the
Y-axis that are substantially collinear with the centers of fine
movement slider sections 84a and 845b.

The pair of fine movement slider sections 84a and 845 are
respectively supported by guide member 94a described ear-
lier, and fine movement slider section 84c¢ 1s supported by
guide member 94b. More specifically, fine movement stage
WF'S 1s supported at three noncollinear positions with respect
to coarse movement stage WCS.

Inside fine movement slider sections 84a to 84¢, magnetic
units 98a, 985 and 98¢, which are each made up of a plurality
of permanent magnets (and yokes that are not illustrated)
placed 1n a matrnix shape with the XY two-dimensional direc-
tions serving as a row direction and a column direction, are
housed, respectively, so as to correspond to coil units CUs to
CUc that guide sections 94a and 946 of coarse movement
stage WCS1 have. Magnetic unit 98a together with coil unit
CUa, magnetic unit 985 together with coil unit CUb, and
magnetic unit 98¢ together with coil unit CUc respectively
configure three planar motors by the electromagnetic force
(Lorentz force) drive method that are capable of generating
drive forces 1n the X-axis, Y-axis and Z-axis directions, as
disclosed 1n, for example, U.S. Patent Application Publica-
tion No. 2003/0085676 and the like, and these three planar
motors configure a fine movement stage driving system 64 A
(see FIG. 6) that drives fine movement stage WEFS1 1n direc-
tions of si1x degrees of freedom (X, Y, Z, 0x, Oy and 0z).

In wafer stage WST12 as well, three planar motors com-
posed of coil units that coarse movement stage WCS2 has and
magnetic units that fine movement stage WES2 has are con-
figured likewise, and these three planar motors configure a
fine movement stage driving system 64B (see FIG. 6) that
drives fine movement stage WEFS2 1n directions of six degrees
of freedom (X, Y, Z, 0x, Oy and 0z).

Fine movement stage WEFS1 1s movable in the X-axi1s direc-
tion, with a longer stroke compared with the directions of the
other five degrees of freedom, along guide members 94a and
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94H arranged extending in the X-axis direction. The same
applies to fine movement stage WES2.

With the configuration as described above, fine movement
stage WEFS1 1s movable in the directions of six degrees of
freedom with respect to coarse movement stage WCS1. Fur-
ther, on this operation, the law of action and reaction (the law
ol conservation of momentum) that 1s similar to the previ-
ously described one holds owing to the action of a reaction
force by drive of fine movement stage WES1. More specifi-
cally, coarse movement stage WCS1 functions as the coun-
termass of fine movement stage WEFS1, and coarse movement
stage WCSI1 1s driven 1n a direction opposite to fine move-
ment stage WES1. Fine movement stage WFS2 and coarse
movement stage WCS2 has the similar relation.

Note that, 1n the embodiment, when broadly driving fine
movement stage WEFS1 (or WFS2) with acceleration/decel-
eration 1n the X-axis direction (e.g. in the cases such as when
a stepping operation between shot areas 1s performed during
exposure), main controller 20 drives fine movement stage
WES1 (or WSF2)1n the X-axis direction by the planar motors
that configure fine movement stage driving system 64A (or
64B). Further, along with this drive, main controller 20 gives
the mitial velocity, which drives coarse movement stage
WCS1 (or WCS2) 1n the same direction as with fine move-
ment stage WES1 (or WFEFS2), to coarse movement stage
WCS1 (or WCS2), via coarse movement stage driving system
62A (or 62B) (drives coarse movement stage WCS1 (or
WCS2) n the same direction as with fine movement stage
WCS1 (or WCS2)). This causes coarse movement stage
WCS1 (or WCS2) to function as the so-called countermass.
Accordingly, it1s possible to decrease a movement distance of
coarse movement stage WCS1 (or WCS2) 1n the opposite
direction that accompanies the movement of {ine movement
stage WES1 (or WEFS2) 1n the X-axis direction (that 1s caused
by a reaction force of the drive force). Especially, 1n the case
where fine movement stage WEFS1 (or WFS2) performs an
operation including the step movement 1n the X-axis direc-
tion, or more specifically, fine movement stage WEFS1 (or
WFES2) performs an operation of alternately repeating the
acceleration and the deceleration 1n the X-axis direction, the
stroke 1n the X-axis direction needed fox the movement of
coarse movement stage WCS1 (or WCS2) can be the shortest.
On this operation, main controller 20 should give coarse
movement stage WCS1 (or WCS2) the mitial velocity with
which the center of gravity of the entire system of waler stage
WST1 (or WST2) that includes the fine movement stage and
the coarse movement stage performs constant velocity
motion in the X-axis direction. With this operation, coarse
movement stage WCS1 (or WCS2) performs a back-and-
forth motion within a predetermined range with the position
of fine movement stage WEFS1 (or WFS2) serving as a refer-
ence. Consequently, as the movement stroke of coarse move-
ment stage WCS1 (or WCS2) 1n the X-axis direction, the
distance that 1s obtained by adding some margin to the pre-
determined range should be prepared. Such details are dis-
closed 1n, for example, U.S. Patent Application Publication
No. 2008/0143994 and the like.

Further, as described earlier, since fine movement stage
WFES1 1s supported at the three noncollinear positions by
coarse movement stage WCS1, main controller 20 can tilt fine
movement stage WES1 (1.e. waler W) at an arbitrary angle
(rotational amount) 1n the 0x direction and/or the Oy direction
with respect to the XY plane by, for example, appropriately
controlling a drive force (thrust) 1in the Z-axis direction that 1s
made to act on each of fine movement slider sections 84a to
84c. Further, main controller 20 can make the center portion
of fine movement stage WEFS1 bend 1n the +7 direction (into
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a convex shape), for example, by making a drive force 1n the
+0x direction (a counterclockwise direction on the page sur-
face of FIG. 4B) on each of fine movement slider sections 84a
and 845 and also making a drive force 1n the —0x direction (a
clockwise direction on the page surface of FIG. 45) on fine
movement slider section 84¢. Further, main controller 20 can
also make the center portion of fine movement stage WESI1
bend 1n the +7 direction (into a convex shape), for example,
by making drive forces in the —0Oy direction and the +0y
direction (a counterclockwise direction and a clockwise
direction when viewed from the +Y side, respectively) on fine
movement slider sections 84a and 845, respectively. Main
controller 20 can also perform the similar operations with
respect to fine movement stage WES2.

Incidentally, 1n the embodiment, as fine movement stage
driving systems 64 A and 64B, the planar motors of a moving
magnet type are used, but this 1s not intended to be limiting,
and planar motors of amoving coil type 1n which the coil units
are placed at the fine movement slider sections of the fine
movement stages and the magnetic units are placed at the
guide members of the coarse movement stages can also be
used.

Between coupling member 92a of coarse movement stage
WCS1 and main section 80 of fine movement stage WES1, as
shown in FIG. 4A, apair of tubes 86a and 865 used to transmit
the power usage from the outside to fine movement stage
WFS1 are installed. Incidentally, although the illustration 1s
omitted in the drawings including FIG. 4 A, actually, the pair
ol tubes 86a and 865 are each made up of a plurality of tubes.
One ends of tubes 86a and 866 are connected to the side
surface on the +X side of coupling member 92a and the other
ends are connected to the 1nside of main section 80, respec-
tively via a pair of recessed sections 80a (see FI1G. 4C) with a
predetermined depth each of which 1s formed from the end
surface on the —X side toward the +X direction with a prede-
termined length, on the upper surface of main section 80. As
shown 1n FIG. 4C, tubes 86a and 865 are configured not to
protrude above the upper surface of fine movement stage
WFS1. Between coupling member 92a of coarse movement
stage WCS2 and main section 80 of fine movement stage
WFS2 as well, as shown in FIG. 2, a pair of tubes 86a and 865
used to transmit the power usage from the outside to fine
movement stage WFS2 are installed.

As shown 1n FIG. 2, one of the tube carriers, tube carrier
TCa 1s connected to the piping member and the wiring mem-
ber mside coupling member 92a of coarse movement stage
WCS1 via tube Ta,. As shown 1n FIG. 3, tube carrier TCa 1s
placed on a stepped section formed at the end on the —X side
of base board 12. Tube carrier TCa 1s driven 1n the Y-axis
direction following water stage WST1, by an actuator such as
a liner motor, on the stepped section of base board 12.

As shown 1n FIG. 3, the other of the tube carriers, tube
carrier TCb 1s placed on a stepped section formed at the end
on the +X side of base board 12, and 1s connected to the piping
member and the wiring member inside coupling member 92a
of coarse movement stage WCS2 via tube Tb, (see FIG. 2).
Tube carrier TCb 1s driven 1n the Y-axis direction following
waler stage WS'T2, by an actuator such as a liner motor, on the
stepped section of base board 12.

As shown 1 FIG. 3, one ends of tubes Ta, and Tb, are
connected to tube carriers TCa and TCb respectively, while
the other ends of tubes Ta, and Tb, are connected to a power
usage supplying device externally installed that 1s not illus-
trated (e.g. an electric power supply, a gas tank, a compressor,
a vacuum pump or the like). The power usage supplied from
the power usage supplying device to tube carrier TCa via tube
Ta, 1s supplied to fine movement stage WFS1 viatube Ta,, the
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piping member and the wiring member, which are not 1llus-
trated, housed 1n coupling member 92a of coarse movement
stage WCS1, and tubes 86a and 86b. Similarly, the power
usage supplied from the power usage supplying device to tube
carrier TCb via tube Tb, 1s supplied to fine movement stage
WFES2 via tube Th,, the piping member and the wiring mem-
ber, which are not 1llustrated, housed in coupling member 924
of coarse movement stage WCS2, and tubes 86a and 865b.

Next, a measurement system that measures positional
information of water stages WST1 and WST2 1s described.
Exposure apparatus 100 has a fine movement stage position
measuring system 70 (see FIG. 6) to measure positional infor-
mation of fine movement stages WES1 and WEFS2 and coarse
movement stage position measuring systems 68A and 68B
(see FIG. 6) to measure positional imnformation of coarse
movement stages WCS1 and WCS2 respectively.

Fine movement stage position measuring system 70 has a
measurement bar 71 shown 1n FIG. 1. Measurement bar 71 1s
placed below first sections 14A, and 14B, that the pair of
surface plates 14A and 14B respectively have, as shown 1n
FI1G. 3. As is obvious from FIGS. 1 and 3, measurement bar 71
1s made up ol a beam-like member having a rectangular
sectional shape with the Y-axis direction serving as 1ts longi-
tudinal direction, and both ends in the longitudinal direction
are each fixed to main frame BD in a suspended state via
suspended members 74. More specifically, main frame BD
and measurement bar 71 are integrated. Incidentally, 1n the
case where a configuration that does not block the movement
of the water stages 1s employed for the beam-like member, the
support method of the beam-like member 1s not limited to the
both ends support but one end 1n the longitudinal direction
can be cantilevered. Further, the beam-like member should be
placed below base board 12 described earlier. Furthermore,
while the beam-like member 1s supported by main frame BD,
the beam-like member can be arranged on the installation
surface (such as a floor surface) via a vibration isolating
mechanism. In this case, 1t 1s preferable to arrange a measure-
ment device that measures the relative positional relation
between main frame BD and the beam-like member. The
beam-like member can also be referred to as a member for
measurement or the like.

The +7 side haltf (upper hall) of measurement bar 71 1s
placed between second section 14 A, of surface plate 14 A and
second section 14B,, of surtace plate 14B, and the —Z side half
(lower half) 1s housed inside recessed section 12a formed at
base board 12. Further, a predetermined clearance 1s formed
between measurement bar 71 and each of surface plates 14A
and 14B and base board 12, and measurement bar 71 1s 1n a
state mechanically noncontact with the members other than
main frame BD. Measurement bar 71 1s formed by a material
with a relatively low coetlicient of thermal expansion (e.g.
Inver, ceramics, or the like).

At measurement bar 71, as shown 1n FIG. 5, a first mea-
surement head group 72 used when measuring positional
information of the fine movement stage (WEFS1 or WEFS2)
located below projection unit PU and a second measurement
head group 73 used when measuring positional information
of the fine movement stage (WFS1 or WFS2) located below
alignment device 99 are arranged. Incidentally, alignment
systems AL1 and AL2, to AL2, are shown 1n virtual lines
(two-dot chain lines) 1n FIG. 5 in order to make the drawing
casy to understand. Further, in FIG. 5, the reference signs of
alignment systems A2, to AL2, are omitted.

As shown 1n FIG. 5, first measurement head group 72 1s
placed below projection unit PU and includes a one-dimen-
sional encoder head for X-axis direction measurement (here-
inafter, shortly referred to as an X head or an encoder head)
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75x, a pair of one-dimensional encoder heads forY-axis direc-
tion measurement (hereinafter, shortly referred to as Y heads

or encoder heads) 75va and 75yb, and three 7 heads 76a, 765
and 76c¢.

X head 75x, Y heads 75ya and 75yb and the three Z heads
76a to 76c¢ are placed 1n a state where their positions do not
vary, inside measurement bar 71. X head 75x 1s placed on
reference axis LV, and Y heads 75ya and 75yb are placed at the
same distance apart from X head 75x, on the —X side and the
+X side, respectively. In the embodiment, as each of the three
encoder heads 75x, 75va and 75yb, a diflraction interference
type head having a configuration 1n which a light source, a
photodetection system (including a photodetector) and vari-
ous types of optical systems are unitized 1s used which 1s

similar to the encoder head disclosed 1n, for example, PCT
International Publication No. 2007/083758 (the correspond-

ing U.S. Patent Application Publication No. 2007/0288121)
and the like.

When water stage WST1 (or WST2) 15 located directly
under projection optical system PL (see FIG. 1), X head 75x
and Y heads 75va and 735yb each 1rradiate a measurement
beam on grating RG (see FI1G. 4B) placed on the lower surface
of fine movement stage WES1 (or WEFS2), via a gap between
surface plate 14A and surface plate 14B or a light-transmit-
ting section (e.g. an opening) formed at first section 14A, of
surface plate 14 A and first section 14B, of surface plate 14B.
Further, X head 75x and Y heads 75va and 75vb each receive
diffraction light from grating RG, thereby obtaining posi-
tional information within the XY plane (also including rota-
tional information in the 0z direction) of fine movement stage
WFES1 (or WEFS2). More specifically, an X liner encoder 51
(see FIG. 6) 1s configured of X head 735x that measures the
position of fine movement stage WES1 (or WFS2) 1n the
X-axis direction using the X diffraction grating that grating,
RG has. And, apair ol Y liner encoders 52 and 33 (see FIG. 6)
are configured of the pair of Y heads 75ya and 75yb that
measure the position of fine movement stage WEFS1 (or
WFS2) in the Y-axis direction using the Y diffraction grating
of grating RG. The measurement value of each of X head 75x
and Y heads 75va and 75yb 1s supplied to main controller 20
(see FIG. 6), and main controller 20 measures (computes) the
position of fine movement stage WFS1 (or WEFS2) 1n the
X-axis direction using (based on) the measurement value o1 X
head 75x, and the position of fine movement stage WEFS1 (or
WFS2) 1n the Y-axis direction based on the average value of
the measurement values of the pair ol Y head 75va and 75v5b.
Further, main controller 20 measures (computes) the position
in the 0z direction (rotational amount around the Z-axis) of
fine movement stage WEFS1 (or WFS2) using the measure-
ment value of each of the pair oY linear encoders 52 and 53.

In this case, an 1rradiation point (detection point), on grat-
ing RG, of the measurement beam emitted from X head 75x
comncides with the exposure position that 1s the center of
exposure area IA (see F1G. 1) on water W. Further, a midpoint
of a pair of irradiation points (detection points), on grating
RG@G, of the measurement beams respectively emitted from the
pair ol Y heads 75ya and 75vb coincides with the 1rradiation
point (detection point), on grating RG, of the measurement
beam emitted from X head 75x. Main controller 20 computes
positional information of fine movement stage WES1 (or
WFS2) 1 the Y-axis direction based on the average of the
measurement values of the two Y heads 75va and 75vb.
Theretore, the positional information of {ine movement stage
WFS1 (or WFS2) in the Y-axis direction 1s substantially mea-
sured at the exposure position that 1s the center of irradiation
area (exposure area) IA of illumination light IL 1rradiated on
waler W. More specifically, the measurement center of X
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head 75x and the substantial measurement center of the two'Y
heads 75ya and 75yb coincide with the exposure position.
Consequently, by using X linear encoder 51 and Y linear
encoders 52 and 53, main controller 20 can perform measure-
ment of the positional information within the XY plane (in-
cluding the rotational information 1n the 0z direction) of fine
movement stage WEFS1 (or WEFS2) directly under (on the back
side of) the exposure position at all times.

As each of Z heads 76a to 76¢, for example, a head of a
displacement sensor by an optical method similar to an opti-
cal pickup used 1n a CD drive device or the like 1s used. The
three Z heads 76a to 76¢ are placed at the positions corre-
sponding to the respective vertices of an 1sosceles triangle (or
an equilateral triangle). Z heads 76a to 76c each irradiate the
lower surface of fine movement stage WEFS1 (or WEFS2) with
a measurement beam parallel to the Z-axis from below, and
receive retlected light reflected by the surface of the plate on
which grating RG 1s formed (or the formation surface of the
reflective diffraction grating). Accordingly, Z heads 76a to
76¢ configure a surface position measuring system 54 (see
FIG. 6) that measures the surface position (position in the
7-axi1s direction) of {ine movement stage WEFS1 (or WEFS2) at
the respective irradiation points. The measurement value of
cach of the three Z heads 76a to 76c 1s supplied to main
controller 20 (see FI1G. 6).

Further, the center of gravity of the 1sosceles triangle (or
the equilateral triangle) whose vertices are at the three irra-
diation points on grating RG of the measurement beams
respectively emitted from the three Z heads 76a to 76c¢ coin-
cides with the exposure position that 1s the center of exposure
area IA (see FIG. 1) on waler W. Consequently, based on the
average value of the measurement values of the three Z heads
76a to 76c, main controller 20 can acquire positional 1nfor-
mation 1n the Z-axis direction (surface position information)
of fine movement stage WEFS1 (or WFS2) directly under the
exposure position at all times. Further, main controller 20
measures (computes) the rotational amount in the 0x direc-
tion and the Oy direction, in addition to the position 1n the
Z-axi1s direction, of fine movement stage WEFS1 (or WEFS2)
using (based on) the measurement values of the three Z heads
76a 10 76c.

Second measurement head group 73 has an X head 77x that
configures an X liner encoder 55 (see FIG. 6), aparrof Y
heads 77ya and 77vb that configure a pair o Y linear encoders
56 and 57 (see FIG. 6), and three Z heads 78a, 78b and 78c¢
that configure a surface position measuring system 58 (see
FIG. 6). The respective positional relations of the pair of Y
heads 77va and 77yb and the three Z heads 78a to 78¢c with X
head 77x serving as a reference are similar to the respective
positional relations described above of the pair of Y heads
75va and 75yb and the three Z heads 76a to 76¢ with X head
75x serving as a reference. An 1rradiation point (detection
point), on grating RG, of the measurement beam emitted from
X head 77x coincides with the detection center of primary
alignment system AL1. More specifically, the measurement
center of X head 77x and the substantial measurement center
of the two'Y heads 77ya and 77yb coincide with the detection
center of primary alignment system AL1. Consequently, main
controller 20 can perform measurement of positional 1nfor-
mation within the XY plane and surface position information
of fine movement stage WEFS2 (or WFS1) at the detection
center of primary alignment system AL1 at all times.

Incidentally, while each of X heads 75x and 77x and Y
heads 75va, 75vb, TTyva and 77yb of the embodiment has the
light source, the photodetection system (including the photo-
detector) and the various types of optical systems (none of
which are 1llustrated) that are umitized and placed 1inside mea-
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surement bar 71, the configuration of the encoder head 1s not
limited thereto. For example, the light source and the photo-
detection system can be placed outside the measurement bar.
In such a case, the optical systems placed inside the measure-
ment bar, and the light source and the photodetection system
are connected to each other via, for example, an optical fiber
or the like. Further, a configuration can also be employed 1n
which the encoder head 1s placed outside the measurement
bar and only a measurement beam 1s guided to the grating via
an optical fiber placed inside the measurement bar. Further,
the rotational information of the wafer in the 0z direction can
be measured using a pair of the X liner encoders (1n this case,
there should be one Y linear encoder). Further, the surface
position information of the fine movement stage can be mea-
sured using, for example, an optical interferometer. Further,
instead of the respective heads of first measurement head
group 72 and second measurement head group 73, three
encoder heads 1n total, which include at least one X7 encoder
head whose measurement directions are the X-axis direction
and the Z-axis direction and at least one YZ encoder head
whose measurement directions are the Y-axis direction and
the Z-axis direction, can be arranged 1n the placement similar
to that of the X head and the pair o1'Y heads described earlier.

Incidentally, measurement bar 71 can be divided into a
plurality of sections. For example, 1t 1s also possible that
measurement bar 71 1s divided mto a section having first
measurement head group 72 and a section having second
measurement head group 73, and the respective sections
(measurement bars) detect the relative position with main
frame BD, with (the measurement reference surface of) main
frame BD serving as a reference and perform control such that
the positional relation 1s constant. In this case, a head unat,
which includes a plurality of encoder heads and 7 heads
(surface position measuring system), 1s arranged at both ends
ol the respective sections (measurement bars), and the posi-
tions 1n the Z-axis direction and the rotational amount 1n the
Ox and Oy directions of the respective sections (measurement
bars) can be computed.

When water stage WS'T1 moves between exposure station
200 and measurement station 300 on surface plate 14A,
coarse movement stage position measuring system 68A (see
FIG. 6) measures positional information of coarse movement
stage WCS1 (wafer stage WST1).

As shown 1in FIG. 2, coarse movement stage position mea-
suring system 68 A includes an interferometer system that has
two Y interferometers 18YA, and 18YA, and three X inter-
ferometers 18XA,, 18XA, and 18XA,. Y interferometer
18YA, 1s placed on the +Y side of surface plate 14A. Y
interferometer 18 YA, irradiates retlection surface 17Y , with
a measurement beam and receives a retlected beam from
reflection surface 17Y ,, thereby measuring the Y-position of
reflection surface 17Y ,, or more specifically, the Y-position of
waler stage WST1.Y interferometer 18YA, 1s placed on the
-Y side of surface plate 14A. Similarly to Y interferometer
18YA,, for example, as shown in FIGS. 12 and 13, Y inter-
ferometer 18YA, 1rradiates reflection surface 17Y, with a
measurement beam and recerves aretlected beam from reflec-
tion surtace 17Y ,, thereby measuring the Y-position of water
stage WST1.Y interferometers 18 YA, and 18YA , are mainly
used when waler stage WST1 1s located 1in the -Y side half
and the +Y side half, respectively, on surface plate 14 A.

Meanwhile, X interferometers 18X A, 18X A, and 18X A,
are placed on the —X side of surface plate 14 A, at a predeter-
mined distance in the Y-axis direction. X interferometer
18X A, mrradiates reflection surface 17X with two measure-
ment beams along an axis (measurement axis) parallel to the
X-axis that 1s orthogonal to optical axis AX of projection
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optical system PL and reference axis LV, and receives
reflected beams from reflection surface 17X, thereby measur-
ing the X-position and 0z rotation (yawing amount) of wafer
stage WS'T1. Likewise, X interferometers 18X A, and 18X A,
also each 1rradiate reflection surface 17X with two measure-
ment beams and receive reflected beams from reflection sur-
tace 17X, thereby measuring the X-position and 0z rotation
(vawing amount) of waler stage WST1. In this case, the
distance between X interterometers 18XA,, 18XA, and
18X A, adjacent to each other in the Y-axis direction 1s set
such that any of the X interferometers 1s surely opposed to
reflection surface 17X of waler stage WST1. Main controller
20 (see FIG. 6) constantly measures the X-position and 0z
rotation (yvawing amount) of wafter stage WST1 thatmoves on
surface plate 14A, using X interferometers 18X A, 18XA,
and 18X A, by switching them according to the Y-position of
waler stage WSTI.

Incidentally, the configuration of coarse movement stage
position measuring system 68A (and coarse movement stage
position measuring system 68B to be described later on) 1s not
limited to the configuration described above, and an encoder
system or a combination of an optical interferometer system
and an encoder system can also be employed. In the case
where coarse movement stage position measuring system
68 A 1ncludes the encoder system, for example, a configura-
tion can be emploved in which the positional information of
coarse movement stage WCS1 1s measured by 1rradiating a
scale (e.g. two-dimensional grating) fixed (or formed) on the
upper surface of coarse movement stage WCS1 with mea-
surement beams from a plurality of encoder heads fixed to
main {frame BD in a suspended state along the movement
course ol water stage WST1 and receiving the diffraction
light of the measurement beams.

When water stage WST2 moves between exposure station
200 and measurement station 300 on surface plate 14B,
coarse movement stage position measuring system 68B (see
FIG. 6) measures positional information of coarse movement
stage WCS2 (waler stage WST2), similarly to coarse move-
ment stage position measuring system 68A.

As shown 1n FIG. 2, coarse movement stage position mea-
suring system 68B 1ncludes an interferometer system that has
two Y interferometers 18YB, and 18YB, and three X 1inter-
ferometers 18XB,, 18XB, and 18XB;. Y interferometer
18YB, 1s placed on the side of surface plate 14B.Y interfer-
ometer 18Y B, 1rradiates reflection surface 17Y, with a mea-
surement beam and recetves a retlected beam from reflection
surface 17Y,, thereby measuring the Y-position of reflection
surface 17Y,, or more specifically, the Y-position of waler
stage WST2.Y interferometer 18YB,, 1s placed on the +Y side
of surface plate 14B. Similarly toY interferometer 18YB , for
example, when water stage WS'T2 1s located at the position as
shown in FIGS. 12 and 13, Y interferometer 18YB,, irradiates
reflection surface 17Y, with a measurement beam and
recetves a reflected beam from reflection surtace 17Y,,
thereby measuring the Y-position of waler stage WST2. Y
interferometers 18YB, and 18YB, are mainly used when
waler stage WST2 1s located 1n the —Y side half and the +Y
side half, respectively, on surface plate 14B.

Meanwhile, X interferometers 18XB,, 18XB, and 18XB,
are placed on the +X side of surface plate 14B, at a predeter-
mined distance in the Y-axis direction. X interferometer
18XB,; wrradiates retlection surface 17X with two measure-
ment beams along an axis (measurement axis) parallel to the
X-axis that 1s orthogonal to optical axis AX of projection
optical system PL and reference axis LV, and receives
reflected beams from reflection surface 17X, thereby measur-
ing the X-position and 0z rotation (yawing amount) of watfer
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stage WST2. Likewise, X interferometers 18XB, and 18XB,
also each irradiate reflection surface 17X with two measure-
ment beams and receive reflected beams from reflection sur-
face 17X, thereby measuring the X-position and 0z rotation
(vawing amount) of waler stage WST2. In this case, the
distance between X interferometers 18XB,, 18XB, and
18XB, adjacent to each other 1n the Y-axis direction 1s set
such that any of the X interferometers 1s surely opposed to
reflection surface 17X of water stage WST2. Main controller
20 (see FIG. 6) constantly measures the X-position and 0z
rotation (yawing amount) of wafer stage WS'T2 that moves on
surface plate 14B, using X interferometers 18XB,, 18XB,
and 18XB,; by switching them according to the Y-position of
waler stage WST2.

As 1s obvious from FIG. 2, each of Y interferometers
18YA, and 18YA, and X interferometers 18X A, 18X A, and
18X A, that configure coarse movement stage position mea-
suring system 68 A 1s placed symmetric with each ol Y 1nter-
terometers 18YB, and 18Y B, and X interferometers 18XB,,
18XB, and 18XB, that configure a part of coarse movement
stage position measuring system 68B, with respect to refer-
ence axis LV.

Main controller 20 respectively controls the positions of
coarse movement stages WCS1 and WCS2 (waler stages
WST1 and WST2) by individually controlling coarse move-
ment stage driving systems 62A and 62B, based on the mea-
surement values of coarse movement stage position measur-
ing systems 68A and 68B.

Further, exposure apparatus 100 1s also equipped with a
relative position measuring system 66A and a relative posi-
tion measuring system 668 (see FIG. 6) that measure the
relative position between coarse movement stage WCS1 and
fine movement stage WEFS1 and the relative position between
coarse movement stage WCS2 and fine movement stage
WFS2, respectively. While the configuration of relative posi-
tion measuring systems 66A and 66B is not limited 1n par-
ticular, relative position measuring systems 66 A and 66B can
cach be configured of, for example, a gap sensor including a
capacitance sensor. In this case, the gap sensor can be con-
figured of, for example, a probe section fixed to coarse move-
ment stage WCS1 (or WCS2) and a target section fixed to fine
movement stage WEFS1 (or WEFS2). Incidentally, the configu-
ration of the relative position measuring system 1s not limited
thereto, but for example, the relative position measuring sys-
tem can be configured using, for example, a liner encoder
system, an optical interferometer system or the like.

FIG. 6 shows a block diagram that shows input/output
relations of main controller 20 that 1s configured of a control
system of exposure apparatus 100 as the central component
and performs overall control of the respective components.
Main controller 20 includes a workstation (or a microcom-
puter) and the like, and performs overall control of the respec-
tive components of exposure apparatus 100 such as local
liguid immersion device B, surface plate driving systems 60 A
and 60B, coarse movement stage driving systems 62A and
62B, and fine movement stage driving systems 64 A and 64B.

Next, a parallel exposure operation using the two wafer
stages WS'T1 and WST2 1s described with reference to FIGS.
7 to 13. Note that during the exposure operation, main con-
troller 20 controls liquid supply device 5 and liquid recovery
device 6 as described earlier and a constant quantity of liquid
L.q 1s held directly under tip lens 191 of projection optical
system PL, and thereby a liquid immersion area 1s formed at
all times.

FIG. 7 shows a state where exposure by a step-and-scan
method 1s performed on water W mounted on fine movement
stage WES1 of wafer stage WST1 1n exposure station 200,
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and 1n parallel with this exposure, waler exchange 1s per-
formed between a waler carrier mechanism (not illustrated)
and fine movement stage WEFS2 of waler stage WST2 at the
second loading position.

Main controller 20 performs the exposure operation by a
step-and-scan method by repeating an inter-shot movement
(stepping between shots) operation of moving waler stage
WST1 to a scanning starting position (acceleration starting
position) for exposure of each shot area on water W, based on
the results of waler alignment (e.g. information obtained by
converting an arrangement coordinate of each shot area on
waler W obtained by an Enhanced Global Alignment (EGA)
into a coordinate with the second fiducial mark on measure-
ment plate FM1 serving as a reference) and reticle alignment
and the like that have been performed beforehand, and a
scanning exposure operation of transferring a pattern formed
on reticle R onto each shot area on water W by a scanning
exposure method. During this step-and-scan operation, sur-
face plates 14A and 14B exert the function as the counter-
masses, as described previously, according to movement of
waler stage WST1, for example, 1n the Y-axis direction during,
scanning exposure. Further, main controller 20 gives the 1ni1-
tial velocity to coarse movement stage WCS1 when driving,
fine movement stage WEFS1 1n the X-axis direction for the
stepping operation between shots, and thereby coarse move-
ment stage WCS1 functions as a local countermass with
respect to fine movement stage WES1. Consequently, the
movement of wafer stage WST1 (coarse movement stage
WCS1 and fine movement stage WES1 ) does not cause vibra-
tion of surface plates 14 A and 14B and does not adversely
alfect waler stage WST2.

The exposure operations described above are performed in
a state where liquid Lq 1s held 1n the space between tip lens
191 and water W (water W and plate 82 depending on the
position of a shotarea), or more specifically, by liquid immer-
5101 €Xposure.

In exposure apparatus 100 of the embodiment, during a
series of the exposure operations described above, main con-
troller 20 measures the position of fine movement stage
WFS1 using first measurement head group 72 of fine move-
ment stage position measuring system 70 and controls the
position of fine movement stage WES1 (walfer W) based on
this measurement result.

The water exchange 1s performed by unloading a water that
has been exposed from fine movement stage WEFS2 and load-
ing a new waler onto fine movement stage WEFS2 by the water
carrier mechanism that1s not illustrated, when fine movement
stage WES2 1s located at the second loading position. In this
case, the second loading position 1s a position where the watfer
exchange 1s performed on waler stage WST2, and 1n the
embodiment, the second loading position 1s to be set at the
position where fine movement stage WFS2 (waler stage
WST2) 1s located such that measurement plate FM2 1s posi-
tioned directly under primary alignment system AL1.

During the wafer exchange described above, and after the
waler exchange, while water stage WST2 stops at the second
loading position, main controller 20 executes reset (resetting
of the origin) of second measurement head group 73 of fine
movement stage position measuring system 70, or more spe-
cifically, encoders 55, 56 and 57 (and surface position mea-
suring system 58), prior to start of waler alignment (and the
other pre-processing measurements) with respect to the new
waler W.

When the water exchange (loading of the new water w) and
the reset of encoders 55, 56 and 37 (and surface position
measuring system 58) have been completed, main controller
20 detects the second fiducial mark on measurement plate
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FM2 using primary alignment system AL1. Then, main con-
troller 20 detects the position of the second fiducial mark with
the index center of primary alignment system AL1 serving as
a reference, and based on the detection result and the result of
position measurement of fine movement stage WES2 by
encoders 55, 56 and 57 at the time of the detection, computes
the position coordinate of the second fiducial mark in an
orthogonal coordinate system (alignment coordinate system)
with reference axis La and reference axis LV serving as coor-
dinate axes.

Next, as shown 1n FIG. 8, main controller 20 performs the
EGA while measuring the position coordinate of fine move-
ment stage WES2 (water stage WST2) 1n the alignment coor-
dinate system using encoders 35,56 and 57 (see F1G. 6). To be
more speciiic, as disclosed 1n, for example, U.S. Patent Appli-
cation Publication No. 2008/0088843 and the like, main con-
troller 20 moves waler stage WST2, or more specifically,
coarse movement stage WCS2 that supports {ine movement
stage WES2 1n, for example, the Y-axis direction. Then, main
controller 20 sets the position of fine movement stage WES2
at a plurality of positions 1n the movement course, and at each
position setting, detects the position coordinates, 1n the align-
ment coordinate system, of alignment marks at alignment
shot areas (sample shot areas) using at least one of alignment
systems AL1 and AL2, and AL2,.

In this case, 1n conjunction with the movement operation of
waler stage WST2 1n the Y-axis direction described above,
alignment systems AL1 and AL2, to AL2, respectively detect
a plurality of alignment marks (sample marks) disposed along
the X-axis direction that are sequentially placed within the
detection areas (e.g. corresponding to the irradiation areas of
detection light). Therefore, on the measurement of the align-
ment marks described above, water stage WST2 1s not driven
in the X-axis direction.

Then, based on the position coordinates of the plurality of
alignment marks arranged at the sample shot areas on wafer
W and the design position coordinates, main controller 20
executes statistical computation (EGA computation) dis-
closed 1n, for example, U.S. Pat. No. 4,780,617 and the like,
and computes the position coordinates (arrangement coordi-
nates) of the plurality of shot areas 1n the alignment coordi-
nate system.

Further, 1n exposure apparatus 100 of the embodiment;
since measurement station 300 and exposure station 200 are
spaced apart, main controller 20 subtracts the position coor-
dinate of the second fiducial mark that has previously been
detected from the position coordinate of each of the shot areas
on waler W that has been obtained as a result of the wafer
alignment, thereby obtaining the position coordinates of the
plurality of shot areas on waler W with the position of the
second fiducial mark serving as the orngin.

Normally, the above-described water exchange and wafer
alignment sequence 1s completed earlier than the exposure
sequence. Therefore, when the waler alignment has been
completed, main controller 20 drives water stage WST2 inthe
+X direction to move water stage WST2 to a predetermined
standby position on surface plate 14B, as shown 1n FIG. 9. In
this case, when water stage WST2 1s driven in the +X direc-
tion, fine movement stage WES goes out of a measurable
range of fine movement stage position measuring system 70
(1.e. the measurement beams emitted from second measure-
ment head group 73 move off from grating RG). Therelore,
based on the measurement values of fine movement stage
position measuring system 70 (encoders 33, 536 and 57) and
the measurement values of relative position measuring sys-
tem 668, main controller 20 measures the position of coarse
movement stage WCS2 using coarse movement stage posi-
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tion measuring system 68B, and based on the measurement
result, controls the position of wafer stage WST2. More spe-
cifically, position measurement of waler stage WST2 within
the XY plane 1s switched from the measurement using encod-
ers 35, 56 and 57 of fine movement stage position measuring
system 70 to the measurement using Y interferometer 18YB;,
and X interferometer 18XB, of coarse movement stage posi-
tion measuring system 68B. Then, main controller 20 makes
waler stage WST2 wait at the predetermined standby position
described above until exposure on water W on fine movement
stage WES1 1s completed.

When the exposure on wafer W on fine movement stage
WFS1 has been completed, main controller 20 starts to drive
waler stages WST1 and WST2 severally toward a right-side
scrum position shown 1n FIG. 10. When water stage WST1 1s
driven 1n the —X direction toward the right-side scrum posi-
tion, fine movement stage WES1 goes out of the measurable
range of fine movement stage position measuring system 70
(encoders 31, 52 and 53 and surface position measuring sys-
tem 54) (1.e. the measurement beams emitted from first mea-
surement head group 72 move off from grating RG). There-
fore, main controller 20 measures the position of coarse
movement stage WCS1 using coarse movement stage posi-
tion measuring system 68A, and based on the measurement
result, controls the position of wafer stage WST1. More spe-
cifically, main controller 20 switches position measurement
of wafer stage WST1 within the XY plane from the measure-
ment using encoders 51, 52 and 33 of fine movement stage
position measuring system 70 to the measurement using Y
interferometer 18YA , and X interferometer 18X A, of coarse
movement stage position measuring system 68A.

Further, main controller 20 measures the position of waiter
stage WS'T2 using coarse movement stage position measur-
ing system 68B, and based an the measurement result, as
shown in FIG. 9, drives water stage WST2 inthe +Y direction
on surface plate 14B (see an outlined arrow 1n FI1G. 9). On this
operation, as shown 1n FIGS. 9 and 10, the X interferometer
used 1n the position measurement of water stage WST2 1s
sequentially switched to X interterometers 18XB,, 18XB,
and 18XB; according to the Y-position of waler stage WST2,
and also the Y interferometer used in the position measure-
ment of water stage WST2 1s switched from Y interferometer
18YB, to Y interferometer 18YB,. Note that surface plate
14B functions as the countermass owing to the action of a
reaction force of a drive force of water stage WST2.

Further, 1in parallel with the movement of waler stages
WST1 and WST2 toward the right-side scrum position
described above, main controller 20 drives fine movement
stage WFS1 1n the +X direction based on the measurement
values of relative position measuring system 66A and causes
fine movement stage WEFS1 to be 1n proximity to or 1in contact
with coarse movement stage WCS1, and also drives fine
movement stage WEFS2 1n the —X direction based on the
measurement values of relative position measuring system
668 and causes fine movement stage WEFS2 to be in proximity
to or 1n contact with coarse movement stage WCS2.

Then, 1n a state where both wafer stages WST1 and WST2
have moved to the right-side scrum position, waler stage
WST1 and water stage WST2 go 1nto a scrum state of being
in proximity or in contact in the X-axis direction, as shown 1n
FIG. 10. Simultaneously with this state, fine movement stage
WFS1 and coarse movement stage WCS1 go 1mto a scrum
state, and coarse movement stage WCS2 and fine movement
stage WEFS2 go 1nto a scrum state. Then, the upper surfaces of
fine movement stage WES1, coupling member 925 of coarse
movement stage WCS1, coupling member 926 of coarse
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movement stage WCS2 and fine movement stage WEFS2 form
a fully flat surface that 1s apparently integrated.

As shown in FIG. 10, while keeping the scrum states
described above, main controller 20 drives water stage WST1
in a direction indicated by a black arrow (—X direction) based
on the measurement result of coarse movement stage position
measuring system 68A, and at the same time, drives water
stage WST2 1n a direction indicated by an outlined arrow (=X
direction) based on the measurement result of coarse move-
ment stage position measuring system 68B. As waler stages
WST1 and WST2 move 1n the —X direction while keeping the
three scrum states described above, the liquid immersion area
(liquid Lq) formed between tip lens 191 and fine movement
stage WEFS1 sequentially moves onto fine movement stage
WFS1, coupling member 9256 of coarse movement stage
WCS1, coupling member 926 of coarse movement stage
WCS2, and fine movement stage WEFS2. FIG. 10 shows a state
just before starting the movement of the liquid immersion
area (liquid Lq). Note that in the case where waler stage
WST1 and waler stage WS'T2 are driven while the above-
described three scrum states are kept, it 1s preferable that a gap
(clearance) between waler stage WST1 and waler stage
WST2, agap (clearance) between fine movement stage WES1
and coarse movement stage WCS1 and a gap (clearance)
between coarse movement stage WCS2 and fine movement
stage WEFS2 are set such that leakage of liquid Lq 1s prevented
or restrained. In this case, the proximity includes the case
where the gap (clearance) between the two members 1n the
scrum state 1s zero, or more specifically, the case where both
the members are 1n contact.

After the liguid immersion area (liquid Lq) has been moved
onto fine movement stage WEFS2, main controller 20 drives
fine movement stage WEFS1 in the —X direction based on the
measurement value of relative position measuring system
66A and releases the scrum state of fine movement stage
WFS1 and coarse movement stage WCS1, and also drives fine
movement stage WEFS2 1n the +X direction based on the
measurement value of relative position measuring system
668 and release the scrum state of fine movement stage WES2
and coarse movement stage WCS2. Furthermore, main con-
troller 20 releases the scrum state of wafer stages WST1 and
WST2.

When the movement of the liquid immersion area (liquid
L.q) onto fine movement stage WEFS2 has been completed,
waler stage WST1 has moved onto surface plate 14A. Then,
main controller 20 moves water stage WST1 1n the -Y direc-
tion on surface plate 14A as shown by a black arrow 1n FIG.
11 and further moves water stage WST1 1n the +X direction as
shown 1n F1G. 12, while measuring the position of wafer stage
WST1 using coarse movement stage position measuring sys-
tem 68 A, so as to move water stage WS'T1 to the first loading
position. On this operation, as shown 1in FIGS. 11 and 12, the
X mterferometer used 1n the position measurement of water
stage WST1 1s sequentially switched to X interferometers
18XA;, 18XA, and 18X A, according to the Y-position of
waler stage WST1, and also the Y interferometer used 1n the
position measurement of water stage WST1 1s switched from
Y interferometer 18YA, to Y interferometer 18YA,. Note
that, when water stage WST1 moves 1n the -Y direction,
surface plate 14 A functions as the countermass owing to the
action of a reaction force of the drive force. Further, when
waler stage WST1 moves in the +X direction, surface plate
14A can be made to function as the countermass owing to the
action of a reaction force of the drive force.

As shown in FI1G. 13, after water stage WST1 has reached
the first loading position, main controller 20 switches position
measurement of water stage WS'T1 within the XY plane from
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the measurement using coarse movement stage position mea-
suring system 68A to the measurement using fine movement
stage position measuring system 70 (encoders 35, 56 and 57
included 1n second measurement head group 73).

In parallel with the movement of waler stage WSTI1
described above, main controller 20 drives watfer stage WST2
and sets the position of measurement plate FM2 at directly
under projection optical system PL, as shown in FIG. 12.
Prior to this operation, main controller 20 has switched posi-
tion measurement of water stage WST2 within the XY plane
from the measurement using coarse movement stage position
measuring system 68B to the measurement using fine move-
ment stage position measuring system 70 (encoders 51, 52
and 53). Then, the pair of first fiducial marks on measurement
plate FM2 are detected using reticle alignment systems RA
and RA, and the relative position of projected images, on the
waler, of the reticle alignment marks on reticle R that corre-
spond to the first fiducial marks are detected. Note that this
detection 1s performed via projection optical system PL and
liquid Lq that forms the liquid immersion area.

Based on the relative positional information detected as
above and the positional information of each of the shot areas
on waler W with the second fiducial mark on fine movement
stage WEFS2 serving as a reference that has been previously
obtained, main controller 20 computes the relative positional
relation between the projection position of the pattern of
reticle R (the projection center of projection optical system
PL) and each of the shot areas on water W mounted on fine
movement stage WEFS2. While controlling the position of fine
movement stage WFS2 (waler stage WST2) based on the
computation results, main controller 20 transfers the pattern
of reticle R onto each shot area on water W mounted on fine
movement stage WEFS2 by a step-and-scan method, which 1s
similar to the case of waler W mounted on fine movement
stage WEFS1 described earlier. F1G. 13 shows a state where the
pattern of reticle R 1s transierred onto each shot area on water
W 1n this manner.

In parallel with the above-described exposure operation on
waler W on fine movement stage WFS2, main controller 20
performs the waler exchange between the waler carrier
mechanism (not 1llustrated) and water stage WST1 at the first
loading position and mounts a new waler W on {ine move-
ment stage WES1. In this case, the first loading position 1s a
position where the wafler exchange 1s performed on water
stage WST1, and 1n the embodiment, the first loading position
1s to be set at the position where fine movement stage WEFS1
(waler stage WS'T1) 1s located such that measurement plate
FM1 1s positioned directly under primary alignment system
ALL.

Then, main controller 20 detects the second fiducial mark
on measurement plate FM1 using primary alignment system
AL1. Note that, prior to the detection of the second fiducial
mark, main controller 20 executes reset (resetting of the ori-
g1n) of second measurement head group 73 of fine movement
stage position measuring system 70, or more specifically,
encoders 55, 56 and 57 (and surface position measuring sys-
tem 38), 1n a state where wafer stage WST1 1s located at the
first loading position. After that, main controller 20 performs
waler alignment (EGA) using alignment systems AL1 and
AL2, to AL2,, which 1s similar to the above-described one,
with respect to water W on fine movement stage WEFS1, while
controlling the position of wafer stage WST1.

When the water alignment (EGA) with respect to water W
on fine movement stage WEFS1 has been completed and also
the exposure on waler W on fine movement stage WES2 has
been completed, main controller 20 drives waler stages
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left-side scrum, position indicates a positional relation 1n
which water stages WST1 and WST2 are located at positions
that are bilaterally symmetric with the positions of the water
stages 1n the right-side scrum position shown in FIG. 10, with
respect to reference axis LV described above. Measurement
of the position of wafer stage WS'T1 during the drive toward
the left-side scrum position 1s performed 1n a similar proce-
dure to that of the position measurement of waler stage WST2
described earlier.

At this left-side scrum position as well, water stage WST1
and waler stage WST2 go into the scrum state described
carlier, and concurrently with this state, fine movement stage
WFS1 and coarse movement stage WCS1 go into the scrum
state and coarse movement stage WCS2 and fine movement
stage WFS2 go into the scrum state. Then, the upper surfaces
of fine movement stage WEFS1, coupling member 925 of
coarse movement stage WCS1, coupling member 925 of
coarse movement stage WCS2 and fine movement stage
WFS2 form a fully flat surface that 1s apparently integrated.

Main controller 20 drives water stages WST1 and WST2 1n
the + X direction that is reverse to the previous direction, while
keeping the three scrum states described above. According
this drive, the liquid immersion area (liguid Lqg) formed
between tip lens 191 and fine movement stage WEFS2 sequen-
tially moves onto fine movement stage WFS2, coupling mem-
ber 925 of coarse movement stage WCS2, coupling member
926 of coarse movement stage WCS1 and fine movement
stage WEFS1, which 1s reverse to the previously described
order. As a matter of course, also when the wafer stages are
moved while the scrum states are kept, the position measure-
ment of wafer stages WST1 and WST2 1s performed, simi-
larly to the previously described case. When the movement of
the liquid immersion area (liquid Lqg) has been completed,
main controller 20 starts exposure on waler W on waler stage
WST1 1n the procedure similar to the previously described
procedure. In parallel with this exposure operation, main
controller 20 drives waler stage WST2 toward the second
loading position in a manner similar to the previously
described manner, exchanges wafer W that has been exposed
on wafer stage WST2 with a new water W, and executes the
waler alignment with respect to the new waler W.

After that, main controller 20 repeatedly executes the par-
allel processing operations using wafter stages WST1 and
WST2 described above.

As described above, in exposure apparatus 100 of the
embodiment, during the exposure operation and during the
waler alignment (mainly, during the measurement of the
alignment marks), first measurement head group 72 and sec-
ond measurement head group 73 fixed to measurement bar 71
are respectively used in the measurement of the positional
information (the positional information within the XY plane
and the surface position information) of fine movement stage
WFS1 (or WFS2) that holds water W. And, since encoder
heads 75x, 7Sya and 75yb and Z heads 76a to 76¢ that con-
figure first measurement head group 72, and encoder heads
71x, TTya and 77yb and Z heads 78a to 78c¢ that configure
second measurement head group 73 can respectively irradiate
grating RG placed on the bottom surface of fine movement
stage WEFS1 (or WFS2) with measurement beams from
directly below at the shortest distance, measurement error
caused by temperature fluctuation of the surrounding atmo-
sphere of waler stage WST1 or WST2, e.g., air fluctuation 1s
reduced, and high-precision measurement of the positional
information of fine movement stage WES can be performed.

Moreover, in exposure apparatus 100 of the embodiment,
when the liguid immersion area (liquid Lq) formed on one of
waler stages WST1 and WST2 1s moved onto the other of
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waler stages WST1 and WST2, positional information of one
of the wafer stages 1s measured by first measurement head
group 72 of fine movement stage position measuring system
70 and positional information of the other of the water stages
or both the wafer stages 1s measured by coarse movement
stage position measuring systems 68A and 68S. Waler stages
WST1 and WST2 are driven while the serum state of being 1n
proximity to each other 1s maintained based on the measure-
ment result, and thereby the liquid immersion area (liquid Lq)
tformed on one of the waler stages can be moved to the other
of the water stages.

Further, exposure apparatus 100 of the embodiment 1s
equipped with fine movement stage position measuring sys-
tem 70 (first and second measurement head groups 72 and 73 )
that measures positional information of fine movement stages
WFS1 and WFS2 that move between exposure station 200
(below projection unit PU) and measurement station 300
(below alignment device 99), and coarse movement stage
position measuring systems 68A and 68B that measure posi-
tional information of coarse movement stages WCS1 and
WCS2 that move between exposure station 200 and measure-
ment station 300. Accordingly, based on the measurement
results of fine movement stage position measuring system 70
and coarse movement stage position measuring systems 68A
and 68B, waler stages WST1 and WST2 can be moved
between exposure station 200 and measurement station 300.

Further, according to exposure apparatus 100 of the
embodiment, based on the measurement results of fine move-
ment stage position measuring system 70 (first measurement
head group 72) and coarse movement stage position measur-
ing systems 68A and 68B, main controller 20 causes coarse
movement stages WCS1 and WCS2 and fine movement
stages WEFS1 and WFS2, which wafer stages WST1 and
WST2 respectively have, to be 1n proximity (or be in contact)
in the X-axis direction, and also causes waler stages WST1
and WS'T2 to be 1n proximity (or be in contact) 1n the X-axis
direction, and moves waler stages WST1 and WST2 1nte-
grally in the X-axis direction while maintaining the proximity
states. Accordingly, the liquid immersion area (liquid Lq)
formed on one of waler stages WST1 and WST2 can be
moved onto the other of water stages WST1 and WST2.

Incidentally, 1n the embodiment above, the liquid immer-
s1on area (liquid Lq) 1s moved between {ine movement stage
WFS1 and fine movement stage WES2 via coupling members
92H which coarse movement stages WCS1 and WCS2 are
respectively equipped with. In the case where coupling mem-
bers 925 are not necessary 1n terms of the configuration of
coarse movement stages WCS1 and WCS2, or more specifi-
cally, in the case where coarse movement stages WCS1 and
WCS2 are configured into a U-like shape by coupling the pair
of coarse movement slider sections 90aq and 906 using only
coupling member 92a as 1n a modified example shown 1n FIG.
14, the liquid immersion area (liquid Lq) can be directly
moved between fine movement stage WEFS1 and fine move-
ment stage WES2. FIG. 14 shows the state where bath water
stages WST1 and WST2 corresponding to the state shown 1n
FIG. 10 have moved to the right-side scrum position.

In this modified example of FIG. 14, 1n parallel with move-
ment of wafer stages WS'T1 and WST2 toward the right-side
scrum position, main controller 20 drives fine movement
stage WEFS1 1n the +X direction with respect to coarse move-
ment stage WCS1 based on the measurement value of relative
position measuring system 66A and also drives fine move-
ment stage WEFS2 1n the —X direction with respect to coarse
movement stage WCS2 based on the measurement value of
relative position measuring system 66B. Then, when both
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scrum position, as shown i FIG. 14, fine movement stage
WFS1 and fine movement stage WEFS2 go into a scrum state

of being 1n proximity or 1n contact 1n the X-axis direction. At
this point in time, the upper surfaces of fine movement stage
WFS1 and fine movement stage WFS2 form a fully flat sur-
face that 1s apparently integrated. Main controller 20 drives
waler stage WST1 1n the —X direction as indicated by a black
arrow based on the measurement result of coarse movement
stage position measuring system 68A while keeping the
scrum state, and at the same time, drives water stage WST2 1n
the —X direction as indicated by an outlined arrow based on
the measurement result of coarse movement stage position
measuring system 68B. According to movement of both
waler stages WST1 and WST2, the liquid immersion area
(liguid Lq) formed between tip lens 191 and fine movement
stage WEFS1 moves onto fine movement stage WEFS2.

Second Embodiment

A second embodiment of the present invention 1s described
below with reference to FIGS. 15 to 23. Herein, for the com-
ponents that are the same as or equivalent to those 1n the first
embodiment described above, the same or similar reference
signs are used and the description thereof 1s omitted or sim-
plified.

FIG. 15 shows a plan view of an exposure apparatus 1000
of the present second embodiment. As 1s obvious when com-
paring FI1G. 15 and FI1G. 2, although exposure apparatus 1000
of the present second embodiment 1s much different in the
configuration of a water stage that holds water W from expo-
sure apparatus 100 of the first embodiment described earlier,
the configuration of the other sections 1s substantially similar.
Therefore, 1n the description below, the different point is
focused on and described from the viewpoint of preventing
the redundant description.

FIG. 16 A shows a plan view of a waler stage WST3 which
exposure apparatus 1000 1s equipped with, and FIG. 16B
shows a cross sectional view taken along the line B-B of FIG.
16A. Waler stage WST3 1s a tabular member as a whole that
1s made up of a member 180 corresponding to the fine move-
ment stage 1n the first embodiment described earlier (a tabular
member that holds water W on its upper surface and has
grating RG on 1ts lower surface) that 1s integrally fixed to a
member 190 with a rectangular frame shape 1n a planar view
corresponding to the coarse movement stage. At ends on the
+Y side and the -Y side of water stage WST3, magnetic units
1964 and 1965 are arranged that configure, together with coil
units (the 1llustration 1s omitted) respectively inside first sec-
tions 14A, and 14B, of surface plates, 14A and 14B, a planar
motor ol a magnetic levitation type that 1s capable of gener-
ating a thrust in the directions of six degrees of freedom.
Water stage WST3 1s driven by this planar motor so as to
tollow the XY plane on the surface plates. More specifically,
the planar motor functions as stage driving systems 61A and
61B (see FIG. 18) 1n both coarse and fine movements. Inci-
dentally, in this case as well, the planar motor can be of a
moving magnet type or a moving coil type, and either type can
be applied.

The —X side section of member 190 that configures the end
on the -X side of water stage WS'T3 1s formed so as to be
hollow, similar to coupling member 924 in the first embodi-
ment described earlier, and inside member 190, a piping
member, a wiring member and the like, which are not illus-
trated, used to supply the power usage to waler stage WST3
are housed. Further, inside water stage WST3, various types
of optical members (e.g. an aerial 1mage measuring instru-
ment, an uneven illuminance measuring mstrument, an illu-
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minance monitor, a wavelront aberration measuring instru-
ment and the like) can be housed.

Further, the mirror polishing 1s applied to each of the side
surface on the +Y side, the side surface on the -Y side and the
side surface on the —X side of water stage WST3, and reflec-
tion surfaces 17Y,, 17Y, and 17X are formed. These reflec-
tion surfaces are used 1n position measurement of water stage
WST3 by interferometer systems 67A and 67B that are
described later. Instead of retlection surtaces 17Y,,17Y, and
17X, a movable mirror made up of a planar mirror can be
arranged at waler stage WS'T3.

As 1s obvious from FIG. 15, a waler stage WS'T4 1s con-
figured similar to water stage WS'T3 including the drive sys-
tems and the position measurement systems, except that
waler stage WST4 1s placed 1n a state mirror-reversed with
respect to water stage WST3.

Next, a measurement system that measures positional
information of water stages WST3 and WST4 1s described.
Exposure apparatus 1000 1s equipped with a stage position
measuring system 70 (see FIG. 18) that measures positional
information of wafer stages WST3 and WS'T4 1n exposure
station 200 (below projection umit ET) and 1n measurement
station 300 (below alignment device 99) and an auxihiary
stage position measuring system 79 and interferometer sys-
tems 67A and 67B (see FIG. 18) that measure positional
information of wafer stages WST3 and WST4 1n areas on
surface plates 14 A and 14B other than exposure station 200
and measurement station 300.

Stage position measuring system 70 1s configured substan-
tially similar to fine movement stage position measuring sys-
tem 70 1n the first embodiment. More specifically, as shown in
FIG. 17, at measurement bar 71 that 1s placed below surface
plates 14A and 14B (first sections 14A, and 14B ), first mea-
surement head group 72 and second measurement head group
73 are arranged. First and second measurement head groups
72 and 73 are placed below projection unit PU and alignment
device 99 respectively, and are used to measure positional
information of wafer stages WST3 and WST4 located 1n
exposure station 200 and measurement station 300.

Auxiliary stage position measuring system 79 1s used to
measure positional information of wafer stages WST3 and
WST4 located 1n an area (hereinafter, referred to as a scrum
area for the sake of convenience) between exposure station
200 and measurement station 300. Auxiliary stage position
measuring system 79 includes a third measurement head
group 79H arranged at measurement bar 71.

As shown 1n FIG. 17, third measurement head group 79H
placed between first measurement head group 72 and second
measurement head group 73, and includes an X head 79x and
a pair o1 Y heads 79ya and 79yb. X head 79x 1s placed on
reference axis LV andY heads 79va and 795 are placed at the
same distance apart from X head 79x, on the —X side and the
+X side, respectively. As each of theses X head 79x and Y
heads 79yva and 79vb, a diffraction interference type head that
1s stmilar to the above-described one 1s used.

When water stage WST3 or WST4 1s located 1n the scrum
area, X head 79x andY heads 79ya and 79yb each measure the
X-position information or the Y-position information of water
stage WST3 or WST4, by irradiating a measurement beam on
grating RG (see FIG. 16B) placed on the lower surface of
waler stage WST3 or WST4, via a gap between surface plate
14 A and surface plate 14B or a light-transmuitting section (e.g.
an opening) formed at first section 14 A, of surtace plate 14A
and first section 14B, of surface plate 14B and receiving
diffraction light {from grating RG.

The measurement value of each of X head 79x andY heads
79va and 79vb included 1n third, measurement head group
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79H 1s supplied to main controller 20 (see FIG. 18). Main
controller 20 computes the X-position, Y-position and 0z
rotation of wafer stage WST3 or WST4 based on the mea-
surement value of X head 79x, the average value of the mea-
surement values of the pair o1'Y heads 79va and 79vb, and the
difference between the measurement values ol Y heads 79va
and 79vb, respectively.

In this case, the separation distance 1n the Y-axis direction
between third measurement head group 79H and each of first
measurement head group 72 and second measurement head
group 73 1s set less than the width in the Y-axis direction of
grating RG arranged on water stage WS'T3 or WST4. There-
fore, stmultaneously with heads 75x, 75va and 75yb included
in first measurement head group 72 irradiating grating RG
with measurement beams, head 79x, 79ya and 79y 1included
in third measurement head group 79H can also 1rradiate grat-
ing RG with measurement beams. Likewise, simultaneously
with heads 77x, 77ya and 77vb included 1n second measure-
ment head group 73 1rradiating grating RG with measurement
beams, head 75x, 75ya and 75yb included 1n third measure-
ment head group 79H can also 1rradiate grating n with mea-
surement beams. Consequently, when walfer stages WST3
and WST4 move from measurement station 300 to exposure
station 200 across the scrum area, main controller 20 (see
FIG. 18) can perform position control of water stages WST3
and WST4, using first and second measurement head groups
72 and 73 (stage position measuring system 70) and third
measurement head group 79H (auxiliary stage position mea-
suring system 79) by switching them according to the Y-po-
sition of water stages WS'T3 and WST4.

Interferometer system 67A (see FIG. 18) measures posi-
tional information of wafer stage WST3 when waler stage
WST3 moves from exposure station 200 to measurement
station 300 (or 1n a direction reverse thereto) passing through
an area on the —X side (hereinaiter, referred to as a first
withdrawal area for the sake of convenience) excluding the
scrum area on surface plate 14 A.

As shown 1n FIG. 135, interferometer system 67A 1ncludes
two 1nterferometers 18YA, and 18YA, and four X interfer-
ometers 18XA ,, 18XA,, 18XA, and 18XA,. Y interferom-
cter 18YA, 1s placed on the +Y side of surface plate 14A.Y
interterometer 18YA,, irradiates retlection surtace 17Y , with
a measurement beam and receives a retlected beam from
reflection surface 17Y ,, thereby measuring the Y-position of
reflection surface 17Y ,, ormore specifically, the Y-position of
waler stage WST3. Y interferometer 18YA, 1s placed on the
-Y side of surface plate 14A. Similarly to Y interferometer
18YA ,, for example, as shown in FIGS. 25 and 26, Y inter-
terometer 18YA, irradiates reflection surface 17Y, with a
measurement beam and recerves aretlected beam from reflec-
tion surface 17Y,, thereby measuring the Y-position of water
stage WST3.Y interferometers 18 YA, and 18YA , are mainly
used when water stage WST3 i1s located 1in the -Y side half
and the +Y side half 1n the first withdrawal area on surface
plate 14A.

Meanwhile, X interferometers 18X A, to 18X A, are placed
on the —X side of surface plate 14A, at a predetermined
distance 1n the Y-axis direction. X interferometer 18X A 1rra-
diates retlection surface 17X with two measurement beams
along an axis (measurement axis) parallel to the X-axis that 1s
orthogonal to optical axis AX of projection optical system PL
and reference axis LV, and receives reflected beams from
reflection surtace 17X, thereby measuring the X-position and
0z rotation (yawing amount) of waler stage WS'T3. Likewise,
X interferometers 18X A, 18X A, and 18X A, also each 1rra-
diate retlection surface 17X with two measurement beams
and receive retlected beams from reflection surface 17X,
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thereby measuring the X-position and 0z rotation (yawing
amount) of wafer stage WST3. In this case, the distance
between X interferometers 18X A, to 18X A, adjacent to each
other 1n the Y-axis direction 1s set such that any of the X
interferometers 1s surely opposed to reflection surtace 17X of

waler stage WST3. Main controller 20 (see FIG. 18) con-

stantly measures the X-position and 0z rotation (yawing
amount) of watfer stage WST3 that moves within the first
withdrawal area on surface plate 14A, using X interferom-
cters 18X A, to 18X A, by switching them according to the
Y-position of waler stage WST3.

Similarly to interferometer system 67A, interferometer
system 678 (see FI1G. 18) measures positional information of
waler stage WST4 when waler stage WST4 moves from
exposure station 200 to measurement station 300 (or 1n a
direction reverse thereto) passing through an area on the +X
side (hereinatter, referred to as a second withdrawal area for

the sake of convenience) excluding the scrum area on surface

plate 14B.

As shown 1n FIG. 15, interferometer system 67B includes
two interferometers 18YB, and 18YB,, and four X interfer-
ometers 18XB,,18XB,, 18XB, and 18XB,.Y interferometer
18YB, 1s placed on the -Y side of surface plate 14B. Y
interferometer 18Y B, wrradiates reflection surtace 17Y, with
a measurement beam and receives a retlected beam from
reflection surface 17Y ,, thereby measuring the Y-position of
reflection surface 17Y,, or more specifically, the Y-position of
waler stage WST4.Y interferometer 18YB, 1s placed on the
+Y side of surface plate 14B. Similarly to Y interferometer
18YB,, for example, as shown in FIGS. 30 to 32, Y interfer-
ometer 18Y B, 1rradiates reflection surface 17Y , with a mea-
surement beam and recerves a retlected beam from reflection
surface 17Y,, thereby measuring the Y-position of waler
stage WS'T4 interferometers 18YB, and 18YB, are mainly
used when water stage WST4 1s located on the —Y side and
the +Y side within the second withdrawal area on surface
plate 14B.

Meanwhile, X interferometers 18XB, to 18Xb,, are placed
on the +X side of surface plate 14B, at a predetermined
distance 1n the Y-axis direction. X interferometer 18XB, 1rra-
diates reflection surface 17X with two measurement beams
along an axis (measurement axis) parallel to the X-axis that is
orthogonal to optical axis AX of projection optical system PL
and reference axis LV, and receives reflected beams from
reflection surface 17X, thereby measuring the X-position and
Oz rotation (yawing amount) of water stage WS'T4. Likewise,
X interferometers 18XB,, 18XB, and 18XB,, also each 1rra-
diate reflection surface 17X with two measurement beams
and receirve reflected beams from reflection surface 17X,
thereby measuring the X-position and 0z rotation (yawing,
amount) of wafer stage WST4. In this case, the distance
between X interferometers 18X B, to 18XB,, adjacent to each
other 1n the Y-axis direction 1s set such that any of the X
interferometers 1s surely opposed to reflection surtace 17X of
waler stage WST4. Main controller 20 constantly measures
the X-position and 0z rotation (yvawing amount) of waler
stage WS'T4 that moves within the second withdrawal area on
surface plate 14B, using X interferometers 18XB, to 18XB,
by switching them according to the Y-position of wafer stage
WST4.

As 1s obvious from FIG. 15, each of Y interferometers
18YA, and 18YA, and X interferometers 18X A, to 18XA,

that configure interferometer system 67A 1s placed symmet-
ric with each ol Y interferometers 18YB, and 18YB, and X
interferometers, 18XB, to 18XB,, that configure interferom-
cter system 678, with respect to reference axis LV.
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Main controller 20 controls the position of each of watler
stages WST3 and WST4 by individually controlling stage
driving systems 61A and 61B, based on the measurement
values of interferometer systems 67A and 67B.

FIG. 18 shows a configuration of a control system of expo-
sure apparatus 1000 of the present second embodiment. The
control system 1s configured of main controller 20 as the
central component. Main controller 20 includes a workstation
(or a microcomputer) and the like, and performs overall con-
trol of the respective components of the exposure apparatus
such as local liquid immersion device 8, surface plate driving
systems 60A and 60B and stage driving systems 61A and 61B
described earlier.

Next, a parallel exposure operation using the two wafer
stages WS'T3 and WST4 1s described with reference to FIGS.
19 to 32. Note that during the exposure operation, math con-
troller 20 controls liquid supply device 5 and liquid recovery
device 6 as described earlier and the liquid immersion area 1s
constantly formed directly under tip lens 191 of projection
optical system PL by a constant quantity of liquid LLq being
held.

FIG. 19 shows a state where exposure by a step-and-scan
method 1s performed on water W mounted on wafer stage
WST3 in exposure station 200, and 1n parallel with this expo-
sure, waler exchange 1s performed between a watfer carrier
mechanism (not illustrated) and water stage WST4 at the
second loading position.

As described earlier, the exposure operation by a step-and-
scan method 1s performed by repeating an inter-shot move-
ment (stepping between shots) operation of moving wafer
stage WST3 to a scanning starting position (acceleration
starting position) for exposure of each shot area on waler W
based on the results of waler alignment and reticle alignment
and the like that have been performed beforehand, and a
scanning exposure operation of transierring a pattern formed
on reticle R onto each shot area on waler W by a scanning
exposure method. The results of the water alignment are, for
example, obtained from information that 1s acquired by con-
verting the arrangement coordinate of each shot area on water
W obtained by the Enhanced Global Alignment (EGA) nto
the coordinate with the second fiducial mark as a reference.

In exposure apparatus 1000 of the present embodiment,
during a series of the exposure operations described above,
main controller 20 measures the position of waler stage
WST3 using first measurement head group 72 of stage posi-
tion measuring system 70 and controls the position of water
stage WST3 (waler W) based on this measurement result.

The water exchange 1s performed by unloading a watfer that
has been exposed from water stage WST4 and loading a new
waler onto water stage WST4 by the water carrier mechanism
that 1s not illustrated, when water stage WS'T4 1s located at the
second loading position described earlier.

During the water exchange described above, and after the
waler exchange, while water stage WST4 stops at the second
loading position, main controller 20 executes reset (resetting
of the origin) of second measurement head group 73 (i.e.
encoders 55, 56 and 57 (and surface position measuring sys-
tem 58) of stage position measuring system 70, prior to start
of wafer alignment (and the other pre-processing measure-
ments) with respect to the new wafer W.

When the water exchange (loading of the new waler W)
and the reset of stage position measuring system 70 (second
measurement head group 73) have been completed, main
controller 20 detects the second fiducial mark on measure-
ment plate FM2 using primary alignment system AL1. Then,
main controller 20 detects the position of the second fiducial
mark with the index center of primary alignment system AL1
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serving as a reference, and based on the detection result and
the result of position measurement of waler stage WST4 by
stage position measuring system 70 (second measurement
head group 73) at the time of the detection, computes the
position coordinate of the second fiducial mark in an orthogo-
nal coordinate system (alignment coordinate system) with
reference axis La and reference axis LV as coordinate axes.

Next, as shown 1n FI1G. 20, main controller 20 performs the
waler alignment (EGA) while measuring the position coor-
dinate of water stage WS'T4 1n the alignment coordinate sys-
tem using stage position measuring system 70 (second mea-
surement head group 73). The details of the water alignment
(EGA) are as described earlier. Then, based on the computa-
tion result of the position coordinate of the second fiducial
mark and the results of the water alignment (EGA) described
above, main controller 20 obtains the position coordinates of
a plurality of shot areas on water W with the position of the
second fiducial mark serving as the orngin.

Normally, the above-described water exchange and water
alignment sequence 1s completed earlier than the exposure
sequence. Therefore, when the waler alignment has been
completed, main controller 20 drives water stage WST4 1n the
+Y direction to move water stage WST4 to the scrum area the
area between exposure station 200 and measurement station
300), as shown 1n FIG. 20. At this point in time, waler stage
WST4 goes out of a measurable range of stage position mea-
suring system 70 (1.e. the measurement beams emitted from
second measurement head group 73 move oif from grating
RG). Therefore, main controller 20 switches position mea-
surement of water stage WS'T4 within the XY plane from the
measurement using stage position measuring system 70 (sec-
ond measurement head group 73) to the measurement using
auxiliary stage position measuring system (third measure-
ment head group) 79, and based on the measurement results,
controls the position of water stage WS'T4. Then, main con-
troller 20 causes water stage WST4 to wait within the scrum
area until exposure on waler W on waler stage WST3 1s
completed.

When the exposure on water W on water stage WS'T3 has
been completed, main controller 20 starts to drive waler
stages WST3 and WST4 severally toward the scrum position
shown 1n FIG. 22.

Then, 1n a state where watler stages WS'T3 and WST4 have
moved to the scrum position, wafer stage WST3 and waler
stage WS'T4 go 1nto a scrum state where the end on the =Y
side of water stage WS'T3 and the end on the +Y side of water
stage WST4 are 1n proximity or in contact in the Y-axis
direction. Accordingly, the upper surfaces ol waler stages
WST3 and WS'T4 form a fully tlat surface that 1s apparently
integrated.

As shown in FIG. 22, while keeping the scrum state
described above, main controller 20 drives water stage WST3
in the +Y direction as indicated by a black arrow based on the
measurement result of stage position measuring system 70
(first measurement head group 72), and at the same time,
drives waler stage WST4 1n the +Y direction as indicated by
an outlined arrow based on the measurement result of auxil-
lary stage position measuring system (third measurement
head group) 79. According to the movement of both stages
WST3 and WST4, the liquid immersion area (liquid Lq)
formed between tip lens 191 and water stage WST3 moves
onto waler stage WST4 as shown 1n FIG. 23.

On the movement described above, waler stage WST3
goes out of a measurable range of stage position measuring
system 70 (first measurement head group 72) into the first
withdrawal area on surface plate 14A (i.e. the measurement
beams emitted from first measurement head group 72 move
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off from grating RG). Therefore, main controller 20 switches
position measurement of wafer stage WST3 within the XY
plane from the measurement using stage position measuring
system 70 (first measurement head group 72) to the measure-
ment using Y interferometer 18 YA, and X interferometer
18X A, of interferometer system 67A and based or the mea-
surement results, controls the position of watfer stage WST3.

Further, water stage WST4 proceeds from the scrum area
into exposure station 200. Accordingly, the measurement
beams emitted from third measurement head group 79H that
configures auxiliary stage position measuring system 79
move ofl from grating RG, and instead, the measurement
beams emitted from first measurement head group 72 that
configures stage position measuring system 70 are irradiated
on grating RG. Therefore, main controller 20 switches posi-
tion measurement of water stage WST4 within the XY plane
from the measurement using auxiliary stage position measur-
ing system (third measurement head group) 79 to the mea-
surement using stage position measuring system 70 (first
measurement head group 72), and based on the measurement
results, controls the position of water stage WST4.

After the liguid immersion area (liquid Lq) has been moved
onto water stage WST4, main controller 20 releases the scrum
state of water stages WST3 and WST4. Then, main controller
20 moves water stage WST3 to the first loading position
described previously through the first withdrawal area on
surface plate 14A. In this case, while measuring the position
of wafer stage WST3 using interferometer system 67A, main
controller 20 moves waler stage WST3 in the —X direction
along the +Y end of surface plate 14 A as indicated by a black
arrow 1n FI1G. 23, and further, moves water stage WS'T3 1n the
—-Y direction along the —X end of surface plate 14A as 1ndi-
cated by black arrows 1n FIGS. 24 and 25, and furthermore,
moves waler stage WST3 1n the +X direction along the -Y
end of surface plate 14 A as indicated by a black arrow 1n FIG.
25. At this point 1n time, as shown 1n FIGS. 24 to 26, accord-
ing to the Y-position of water stage WS'T3, the X interferom-
cter used 1n the position measurement of water stage WST3 1s
sequentially switched to X interferometers 18X A, 18X A,
18XA,, and 18X A, and also the Y interferometer used 1n the
position measurement of water stage WST3 1s switched from
Y interferometer 18 YA, to Y interferometer 18 YA, . Note that
FIG. 25 shows a state where the interferometer 1s switched
from Y interferometer 18YA, to Y interferometer 18YA,,.

As shown in FIG. 26, after water stage WST3 has reached
the first loading position, main controller 20 switches the
position measurement of waler stage M'T within the XY plane
from the measurement using nterferometer system 67A to
the measurement using stage position measuring system 70
(second measurement head group 73).

In parallel with the movement of waler stage WST3
described above, main controller 20 drives waler stage
WST4, and as shown in FIG. 24, sets the position of measure-
ment plate FM2 at directly under projection optical system
PL. Then, the pair of first fiducial marks on measurement
plate FM2 are detected using reticle alignment systems RA
and RA,, and the relative position of the projected images on
the wafer of reticle alignment marks on reticle R that corre-
spond to the first fiducial marks 1s detected.

Based on the relative positional information detected as
above and the positional information of the respective shot
areas on waler W with the second fiducial mark serving as a
reference that has been previously obtained, main controller
20 computes the relative positional relation between the pro-
jection position of the pattern of reticle R (the projection
center of projection optical system PL) and each of the shot
areas on waler W mounted on waler stage WST4. While
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controlling the position of wafer stage WST4 based on the
computation results, main controller 20 transters the pattern
ol reticle R onto each shot area on water W mounted on water
stage WST4 by a step-and-scan method, 1n a similar manner
to the previously-described manner. FIG. 26 shows a state
where the pattern of reticle R 1s transierred onto each shot
area on waler W 1n this manner.

In parallel with the above-described exposure operation on
waler W on waler stage WST4, main controller 20 performs
the waler exchange between the waler carrier mechanism
(not illustrated) and water stage WS'T3 at the first loading
position and mounts a new waler W on waler stage WST3.

Then, main controller 20 detects the second fiducial mark
on measurement plate FM1 using primary alignment system
AL1. Note that, prior to the detection of the second fiducial
mark, main controller 20 executes reset (resetting of the ori-
gin) of second measurement head group 73 (1.e. encoders 55,
56 and 57 (and surface position measuring system 58)) of
stage position measuring system 70, in a state where waler
stage WS'T3 1s located at the first loading position. After that,
as shown 1n FIG. 27, main controller 20 performs wafer
alignment (EGA) using alignment systems AL1 and AL2, to
AL2,, which 1s similar to the above-described one, with
respect to waler W on waler stage WST3, while controlling
the position of water stage WST3.

When the water alignment (EGA) with respect to water W
on water stage WST3 has been completed and also the expo-
sure on waler W on water stage WST4 has been completed,
main controller 20 drives waler stages WST3 and WST4
toward the scrum position as shown in FIG. 28. At this point
in time, water stage WS'T3 moves out ol the measurable range
ol stage position measuring system 70 (1.e. the measurement
beams emitted from second measurement head group 73
move off from grating RG). Therefore, main controller 20
switches position measurement of water stage WS'T3 within
the XY plan from the measurement using stage position mea-
suring system 70 (second measurement head group 73) to the
measurement using auxiliary stage position measuring sys-
tem (third measurement head group) 79H, and based on the
measurement result, controls the position of waler stage
WST3.

Then, 1n a state where watler stages WS'T3 and WST4 have
moved to the scrum position, wafer stage WST3 and waler
stage WST4 go 1nto a scrum state of being in proximity or in
contact 1n the Y-axis direction, as shown 1n FI1G. 29. Different
from the scrum described previously, however, the +Y end of
waler stage WST3 and the - Y end of waler stage WST4 are in
proximity or in contact. Accordingly, the upper surfaces of
waler stages WS'T3 and WST4 form a fully flat surface that 1s
apparently integrated.

While keeping the scrum state described above, main con-
troller 20 drives water stage WST4 1n the +Y direction as
indicated by a black arrow 1n FIG. 29 based on the measure-
ment result of stage position measuring system 70, and at the
same time, drives waler stage WST3 in the +Y direction as
indicated by an outlined arrow 1n FIG. 29 based on the mea-
surement result of auxiliary stage position measuring system
(third measurement head group) 79H. According to the move-
ment of both water stages WST3 and WST4, the liquid
immersion area (liquid Lq) formed between tip lens 191 and
waler stage WST4 moves onto waler stage WST3, as shown
in FIG. 30.

On the movement described above, waler stage WST4
goes out of a measurable range of stage position measuring
system 70 (first measurement head group 72) into the second
withdrawal area on surface plate 14B (1.e. the measurement
beams emitted from first measurement head group 72 move
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off from grating RG). Therefore, main controller 20 switches
position measurement of wafler stage WST4 within the XY
plane from the measurement using stage position measuring
system 70 (first measurement head group 72) to the measure-
ment using Y interferometer 18YB, and X interferometer
18XB, of interferometer system 678, and based on the mea-
surement results, controls the position of watfer stage WST4.

Further, water stage WST3 proceeds from the scrum area
into exposure station 200. Accordingly, the measurement
beams emitted from third measurement head group 79H that
configures auxiliary stage position measuring system 79
move ofl from grating RG, and instead, the measurement
beams emitted from first measurement head group 72 that
configure stage position measuring system 70 are irradiated
on grating RG. Therefore, main controller 20 switches posi-
tion measurement of water stage WST3 within the XY plane
from the measurement using auxiliary stage position measur-
ing system (third measurement head group) 79 to the mea-
surement using stage position measuring system 70 (first
measurement head group 72), and based on the measurement
results, controls the position of water stage WST3.

After the liguid immersion area (liquid Lq) has been moved
onto water stage WST3, main controller 20 releases the scrum
state of water stages WST3 and WST4. Then, main controller
20 moves water stage WST4 to the second loading position
through the withdrawal area on surface plate 14B. In this case,
while measuring the position of water stage WST4 using
interferometer system 678, main controller 20 moves wafer
stage WST4 1n the +X direction along the +Y end of surface
plate 14B as indicated by a black arrow in FIG. 30, and
turther, moves water stage WST4 1n the -Y direction along
the +X end of surface plate 14B as indicated by black arrows
in FIGS. 31 and 32, and furthermore, moves waler stage
WST4 1n the —X direction along the —Y end of surface plate
14B as indicated by a black arrow 1n FIG. 32. Accordingly,
waler stage WST4 reaches the second loading position as
shown 1n FIG. 19. At this point in time, as shown in FIGS. 31,
32 and 19, according to the Y-position of waler stage WS'T4,
the X interferometer used 1n position measurement of water
stage WST4 1s sequentially switched to X interferometers
18XB,, 18XB;, 18XB,, and 18XB, and also the Y interfer-
ometer used 1n position measurement of water stage WST4 1s
switched from Y interferometer 18YB, to Y interferometer
18YB,. Note that FIG. 32 shows a state where the interfer-
ometers are switched from X interferometer 18XB; to X
interferometer 18XB,, and from Y interferometer 18YB, toY
interferometer 18YB,.

As shown in FI1G. 19, after water stage WST4 has reached
the second loading position, main controller 20 switches the
position measurement of water stage WST4 within the XY
plane from the measurement using interferometer system
67B to the measurement using stage position measuring sys-
tem 70 (second measurement head group 73).

When the movement of the liquid immersion area (liquid
L.q) has been completed, main controller 20 starts exposure
on waler W on water stage WST3 1n the procedure similar to
the above-described one. In parallel with this exposure opera-
tion, main controller 20 exchanges water W that has been
exposed on waler stage WST4 with a new wafer W, and
executes the water alignment with respect to the new water W,
in the procedure similar to the above-described one.

Afterwards, main controller 20 repeatedly executes the
parallel processing operation using watfer stages WST3 and
WST4 described above.

As described above, according to exposure apparatus 1000
of the present second embodiment, the function effect equiva-
lent to exposure apparatus 100 of the first embodiment




US 8,355,114 B2

41

described earlier can be obtained. Further, according to expo-
sure apparatus 1000 of the present second embodiment, since
not only first measurement head group 72 and second mea-
surement head group 73 of stage position measuring system
70 but also third measurement head group 79H of auxiliary
stage position measuring system 79 are placed at measure-
ment bar 71, main controller 20 can accurately move waler
stages WS'T3 and WST4 between measurement station 300
and exposure station 200 through the scrum area, based on the
measurement results of first measurement head group 72 and
second measurement head group 73 of stage position mea-
suring system 70 and third measurement head group 79H of
auxiliary stage position measuring system 79. Further,
according to exposure apparatus 1000, when the liquid
immersion area (liquid Lq) formed on one of walfer stages
WST3 and WST4 1s moved onto the other of waler stages
WST3 and WST4, main controller 20 measures positional
information of one of the water stages using first measure-
ment head group 72 of stage position measuring system 70
and measures positional information of the other of the water
stages or both of the wafer stages using auxiliary stage posi-
tion measuring system 79 (third measurement head group
79H). Then, based on these measurement results, main con-
troller 20 drives water stages WS'T3 and WST4 while main-
taining the scrum state of making water stages WST3 and
WST4 be in proximity (or be 1n contact) 1n the Y-axis direc-
tion, thereby moving the liquid immersion area (ligmd Lq)
formed on the one of the water stages onto the other of the
waler stages.

Incidentally, 1n the first and second embodiments above,
while measurement bar 71 1s configured of a beam-like mem-
ber with the Y-axis direction serving as 1ts longitudinal direc-
tion, measurement bar 71 can be configured of a beam-like
member with the X-axis direction serving as 1ts longitudinal
direction. In such a case, the measurement bar 1s respectively
arranged within exposure station 200 (below projection unit
PU) and within the measurement station 300 (below align-
ment device 99), and first and second measurement head
groups 72 and 73 can be arranged at each of the measurement
bars (to be first and second measurement bars), individually.
For example, 1n the case where such first and second mea-
surement bars are applied to the first embodiment described
carlier, a head group similar to first measurement head group
72 (or the encoder heads included 1n first measurement head
group 72) can be placed, on the first measurement bar, at an
appropriate distance that 1s less than the width of grating RG
in the X-axis direction. In this case, while measuring posi-
tional information of the two water stages with high precision
using a plurality of head groups, main controller 20 causes the
two waler stages to be 1n proximity or 1n contact in the X-axis
direction based on the measurement results, and moves the
two wafer stages 1n the longitudinal direction (X-axis direc-
tion) of the first measurement bar while maintaining the state
(X scrum state), and thereby can move the liquid immersion
area (liguid Lq) formed on one of the water stages onto the
other of the water stages.

Incidentally, while the exposure apparatuses in the first and
second embodiments above each have two surface plates so as
to correspond to two waler stages, the number of the surface
plates 1s not limited thereto, and for example, one surface
plate or three or more surface plates can be employed. Fur-
ther, the number of the wafer stages 1s not limited to two, but
one waler stage or three or more waler stages can be
employed, and a measurement stage, for example, which has
an aerial image measuring instrument, an uneven 1lluminance
measuring instrument, an illuminance monitor, a waveiront
aberration measuring mstrument and the like, can be placed
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on the surface plate, which 1s disclosed 1n, for example, U.S.
Patent Application Publication No. 2007/0201010.

Further, 1n the first and second embodiments above, while
both ends of measurement bar 71 1n the longitudinal direction
are supported by main frame BD 1n a suspended manner, this
1s not intended to be limiting. For example, measurement bar
71 can be supported independently from main frame BD and
a position sensor or the like can be provided so as to monitor
and obtain the relative position between both of them. In this
case, a drive mechanism for position adjustment can be
arranged at the measurement bar. Further, the mid portion
(which can be arranged at a plurality of positions) in the
longitudinal direction of the measurement bar can be sup-
ported on the base board by an empty-weight canceller as
disclosed 1n, for example, U.S. Patent Application Publica-
tion No. 2007/0201010.

Further, the motor to drive surface plates 14A and 14B on
base board 12 1s not limited to the planar motor by the elec-
tromagnetic force (Lorentz force) drive method, but for
example, can be a planar motor (or a linear motor) by a
variable magnetoresistance drive method. Further, the motor
1s not limited to the planar motor, but can be a voice coil motor
that includes a mover fixed to the side surface of the surface
plate and a stator fixed to the base board. Further, the surface
plates can be supported on the base board via the empty-
weight canceller as disclosed 1n, for example, U.S. Patent
Application Publication No. 2007/0201010 and the like. Fur-
ther, the drive directions of the surface plates are not limited
to the directions of three degrees of freedom, but for example,
can be the directions of six degrees of freedom, only the
Y-axis direction, or only the XY two-axial directions. In this
case, the surface plates can be levitated above the base board
by static gas bearings (e.g. air bearings) or the like. Further, in
the case where the movement direction of the surface plates
can be only the Y-axis direction, the surface plates can be
mounted on, for example, aY guide member arranged extend-
ing 1n the Y-axis direction so as to be movable 1n the Y-axis
direction.

Incidentally, the position of the border line that separates
the surface plate or the base member 1nto a plurality of sec-
tions 1s not limited to the position as 1n the first and second
embodiments above. While the border line 1s set to include
reference axis LV and intersect optical axis AX 1n the embodi-
ments above, the border line can be set at another position, for
example, 1n the case where, 11 the boundary 1s located 1n the
exposure station, the thrust of the planar motor at the portion
where the boundary 1s located weakens.

Further, 1n the first and second embodiments above, while
the grating 1s placed on the lower surface of the fine move-
ment stage, or more specifically, the surface that is opposed to
the upper surface of the surface plate, this 1s not intended to be
limiting, and the main section of the fine movement stage 1s
made up of a solid member that can transmit light, and the
grating can be placed on the upper surface of the main section.
In this case, since the distance between the walter and the
grating 1s closer compared with the embodiments above, the
Abbe error, which 1s caused by the difference in the Z-axis
direction between the surface subject to exposure of the water
that includes the exposure point and the reference surface (the
placement surface of the grating) of position measurement of
the fine movement stage by encoders 51, 52 and 53, can be
reduced. Further, the grating can be formed on the back sur-
face of the water holder. In this case, even if the wafer holder
expands or the attachment position with respect to the fine
movement stage shifts during exposure, the position of the
waler holder (water) can be measured according to the expan-
s10n or the shiit.
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Further, 1n the first and second embodiments above, while
the case has been described as an example where the encoder
system 1s equipped with the X head and the pair of Y heads,
this 1s not intended to be limiting, and for example, one or two
two-dimensional heads) (2D head(s)) whose measurement
directions are the two directions that are the X-axis direction
and the Y-axis direction can be placed inside the measurement
bar. In the case of arranging the two 2D heads, their detection
points can be set at the two points that are spaced apart in the
X-axis direction at the same distance from the exposure posi-
tion as the center, on the grating. Further, while the case has
been described where the number of the heads per head group
1s one X head and two 'Y heads, the number of the heads can
turther be increased. Moreover, first measurement head group
72 on the exposure station 300 side can further have a plural-
ity of head groups. For example, on each of the sides (the four
directions that are the +X, +Y, =X and -Y directions) on the
periphery of the head group placed at the position corre-
sponding to the exposure position (a shot area being exposed
on waler W), another head group can be arranged. And, the
position of the fine movement stage (water W) just before
exposure of the shot area can be measured in a so-called
read-ahead manner. Further, the configuration of the encoder
system that configures fine movement stage position measur-
ing system 70 1s not limited to the one 1n the embodiment
above and an arbitrary configuration can be employed. For
example, a 3D head can also be used that 1s capable of mea-
suring the positional mformation 1n each direction of the
x-axis, the Y-axis and the Z-axis.

Further, 1n the first and second embodiments above, the
measurement beams emitted from the encoder heads and the
measurement beams emitted from the Z heads are 1rradiated
on the gratings of the fine movement stages via a gap between
the two surface plates or the light-transmitting section formed
at each of the surface plates. In this case, as the light-trans-
mitting section, holes each of which is slightly larger than a
beam diameter of each of the measurement beams are formed
at each of surface plates 14A and 14B taking the movement
range of surface plate 14 A or 14B as the countermass 1nto
consideration, and the measurement beams can be made to
pass through these multiple opening sections. Further, for
example, 1t 1s also possible that pencil-type heads are used as
the respective encoder heads and the respective Z heads, and
opening sections in which these heads are inserted are formed
at each of the surface plates.

Incidentally, 1n the embodiment above, the case has been
described as an example where according to employment of
the planar motors as coarse movement stage driving systems
62A and 62B that drive water stages WST1 and WST2, the
guide surface (the surface that generates the force in the
Z-axis direction) used on the movement of waler stages
WST1 and WST2 along the KY plane 1s formed by surface
plates 14 A and 14B that have the stator sections of the planar
motors. However, the embodiment above 1s not limited
thereto. Further, 1n the embodiment above, while the mea-
surement surface (grating R(G) 1s arranged on fine movement
stages WEFS1 and WFS2 and first measurement head group 72
(and second measurement head group 73) composed of the
encoder heads (and the Z heads) 1s arranged at measurement
bar 71, the embodiment above 1s not limited thereto. More
specifically, reversely to the above-described case, the
encoder heads (and the Z heads) can be arranged at fine
movement stage WEFS1 and the measurement surface (grating,
RG) can be formed on the measurement bar 71 side. Such a
reverse placement can be applied to a stage device that has a
configuration in which a magnetic levitated stage 1s combined
with a so-called H-type stage, which 1s employed in, for
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example, an electron beam exposure apparatus, an EUV
exposure apparatus or the like. In this stage device, since a
stage 1s supported by a guide bar, a scale bar (which corre-
sponds to the measurement bar on the surface of which a
diffraction grating 1s formed) 1s placed below the stage so as
to be opposed to the stage, and at least a part (such as an
optical system) of an encoder head 1s placed on the lower
surface of the stage that 1s opposed to the scale bar. In this
case, the guide bar configures the guide surface forming
member. As a matter of course, another configuration can also
be employed. The place where grating RG 1s arranged on the
measurement bar 71 side can be, for example, measurement
bar 71, or a plate of a nonmagnetic material or the like that 1s
arranged on the entire surface or at least one surface on
surface plate 14A (14B).

Further, 1n the embodiment above, while the case has been
described where measurement bar 71 and main frame BD are
integrated, this 1s not intended to be limiting, and measure-
ment bar 71 and main frame BD can physically be separated.
In such a case, a measurement device (e.g. an encoder and/or
an interferometer, or the like) that measures the position (or
displacement) of measurement bar 71 with respect to main
frame BD (or a reference position), and an actuator or the like
that adjusts the position of measurement bar 71 should be
arranged, and based on the measurement result of the mea-
surement device, main controller 20 and/or another controller
should maintain the positional relation between main frame
BD (and projection optical system PL) and measurement bar
71 1n a predetermined relation (e.g. constant).

Further, a measurement system (sensor) that measures
variation ol measurement bar 71 with an optical method, a
temperature sensor, a pressure sensor, an acceleration sensor
for vibration measurement, and the like can be arranged at
measurement bar 71. Further, a distortion sensor and/or a
displacement sensor and the like to measure variation of
measurement bar 71 can be arranged. Then, 1t 1s also possible
to correct the positional information obtained by fine move-
ment stage position measuring system 70 and/or coarse
movement stage position measuring systems 68A and 68B,
using the values obtained by these sensors.

Further, in each of the embodiments above, while the case
has been described where the present invention 1s applied to
stage device (waler stages) 50 of the exposure apparatus, this
1s not intended to be limiting, and the present invention can
also be applied to reticle stage RST.

Incidentally, in the embodiment above, grating RG can be
covered with a protective member, €.g. a cover glass, so as to
be protected. The cover glass can be arranged to cover the
substantially entire surface of the lower surface of main sec-
tion 80, or can be arranged to cover only a part of the lower
surface ol main section 80 that includes grating RG. Further,
while a plate-shaped protective member 1s desirable because
the thickness enough to protect grating RG 1s required, a thin
film-shaped protective member can also be used depending
on the matenal.

Besides, 1t 1s also possible that a transparent plate, on one
surface of which grating RG 1s fixed or formed, has the other
surface that 1s placed in contact with or in proximity to the
back surface of the wafer holder and a protective member
(cover glass) 1s arranged on the one surface side of the trans-
parent plate, or the one surface of the transparent plate on
which grating RG 1s fixed or formed 1s placed 1n contact with
or in proximity to the back surface of the water holder without
arranging the protective member (cover glass). Especially 1in
the former case, grating RG can be fixed or formed on an
opaque member such as ceramics istead of the transparent
plate, or grating RG can be fixed or formed on the back
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surface of the waler holder. In the latter case, even 11 the waler
holder expands or the attachment position with respect to the
fine movement stage shifts during exposure, the position of
the water holder (water) can be measured according to the
expansion or the shift. Or, it 1s also possible that the wafer
holder and grating RG are merely held by the conventional
fine movement stage. Further, it 1s also possible that the watfer
holder 1s formed by a solid glass member, and grating RG 1s
placed on the upper surface (water mounting surface) of the
glass member.

Incidentally, 1n the embodiment above, while the case has
been described as an example where the waler stage 1s a
coarse/fine movement stage that 1s a combination of the
coarse movement stage and the fine movement stage, this 1s
not intended to be limiting. Further, in the embodiment above,
while fine movement stages WEFS1 and WFS2 can be driven in
all the directions of six degrees of freedom, this i1s not
intended to be limiting, and the fine movement stages should
be moved at least within the two-dimensional plane parallel to
the XY plane. Moreover, fine movement stages WES1 and
WFS2 can be supported in a contact manner by coarse move-
ment stages WCS1 and WCS2. Consequently, the fine move-
ment stage driving system to drive fine movement stage
WES1 or WFS2 with respect to coarse movement stage
WCS1 or WCS2 can be a combination of a rotary motor and
a ball screw (or a feed screw).

Incidentally, the fine movement stage position measuring,
system can be configured such that the position measurement
can be performed 1n the entire area of the movement range of
the water stages. In such a case, the coarse movement stage
position measuring systems become unnecessary.

Incidentally, the water used 1n the exposure apparatus of
the embodiment above can be any one of wafers with various
sizes, such as a 450-mm water or a 300-mm wafer.

Incidentally, 1n each of the embodiments above, while the
case has been described where the exposure apparatus 1s the
liguud 1mmersion type exposure apparatus, this i1s not
intended to be limiting. The embodiment above can suitably
be applied to a dry type exposure apparatus that performs
exposure of water W without liquid (water). 1

Incidentally, in the first and second embodiments above,
while the case has been described where the exposure appa-
ratus 1s a scanning stepper, this 1s not intended to be limiting,
and each of the embodiments above can also be applied to a
static exposure apparatus such as a stepper. Even 1n the step-
per or the like, occurrence of position measurement error
caused by air fluctuation can be reduced to, almost zero by
measuring the position of a stage on which an object that 1s
subject to exposure 1s mounted using an encoder. Therefore,
it becomes possible to set the position of the stage with high
precision based on the measurement values of the encoder,
and as a consequence, high-precision transier of a reticle
pattern onto the object can be performed. Further, each of the
embodiments above can also be applied to a reduced projec-
tion exposure apparatus by a step-and-stitch method that syn-
thesizes a shot area and a shot area.

Further, the magnification of the projection optical system
in the exposure apparatus in the first and second embodiments
above 1s not only a reduction system, but also can be ei1ther an
equal magnifying system or a magnilying system, and the
projection optical system 1s not only a dioptric system, but
also can be either a catoptric system or a catadioptric system,
and 1n addition, the projected image can be either an inverted
image or an erected 1mage.

Further, 1llumination light IL 1s not limited to ArF excimer
laser light (with a wavelength of 193 nm), but can be ultra-
violet light such as KrF excimer laser light (with a wavelength
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of 248 nm), or vacuum ultraviolet light such as F, laser light
(with a wavelength of 157 nm). As disclosed 1n, for example,
U.S. Pat. No. 7,023,610, a harmonic wave, which 1s obtained
by amplitying a single-wavelength laser beam 1n the mirared
or visible range emitted by a DFB semiconductor laser or
fiber laser with a fiber amplifier doped with, for example,
erbium for both erbium and ytteribium), and by converting
the wavelength into ultraviolet light using a nonlinear optical
crystal, can also be used as vacuum ultraviolet light.

Further, in the first and second embodiments above, 1llu-
mination light IL of the exposure apparatus 1s not limited to
the light having a wavelength more than or equal to 100 nm,
and 1t 1s needless to say that the light having a wavelength less
than 100 nm can be used. For example, the each of the
embodiments above can be applied to an EUV (Extreme
Ultraviolet) exposure apparatus that uses EUV light 1n a soft
X-ray range (e.g. a wavelength range from 5 to 15 nm). In
addition, the each of the embodiments above can also be
applied to an exposure apparatus that uses charged particle
beams such as an electron beam or an 10n beam.

Further, in the first and second embodiments above, a light
transmissive type mask (reticle) 1s used, which 1s obtained by
forming a predetermined light-shielding pattern (or a phase
pattern or a light-attenuation pattern) on a light-transmitting,
substrate, but instead of this reticle, as disclosed in, for
example, U.S. Pat. No. 6,778,257, an electron mask (which 1s
also called a varniable shaped mask, an active mask or an
image generator, and includes, for example, a DMD (Digital
Micromirror Device) that 1s a type of a non-emission type
image display element (spatial light modulator) or the like) on
which a light-transmitting pattern, a reflection pattern, or an
emission pattern 1s formed according to electronic data of the
pattern that 1s to be exposed can also be used. In the case of
using such a variable shaped mask, a stage on which a watfer,
a glass plate or the like 1s mounted 1s scanned relative to the
variable shaped mask, and therefore the equivalent efifect to
the embodiments above can be obtained by measuring the
position of this stage using an encoder system.

Further, as disclosed 1n, for example, PCT International
Publication No. 2001/035168, the each of the embodiments
above can also be applied to an exposure apparatus (a lithog-
raphy system) 1n which line-and-space patterns are formed on
waler W by forming interference fringes on waler W.

Moreover, the each of the embodiments above can also be
applied to an exposure apparatus that synthesizes two reticle
patterns on a waler via a projection optical system and sub-
stantially simultaneously performs double exposure of one
shot area on the waler by one scanning exposure, as disclosed
in, for example, U.S. Pat. No. 6,611,316.

Incidentally, an object on which a pattern 1s to be formed
(an object subject to exposure on which an energy beam 1s
irradiated) 1n the first and second embodiments above 1s not
limited to a water, but may be another object such as a glass
plate, a ceramic substrate, a film member, or a mask blank.

The usage of the exposure apparatus 1s not limited to the
exposure apparatus used for manufacturing semiconductor
devices, but the present invention can be widely applied also
to, for example, an exposure apparatus, for manufacturing
liquid crystal display elements in which a liquid crystal dis-
play element pattern 1s transierred onto a rectangular glass
plate, and to an exposure apparatus for manufacturing organic
EL, thin-film magnetic heads, imaging devices (such as
CCDs), micromachines, DNA chips or the like. Further, the
cach of the embodiments above can also be applied to an
exposure apparatus that transfers a circuit pattern onto a glass
substrate, a silicon water or the like not only when producing
microdevices such as semiconductor devices, but also when
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producing a reticle or a mask used 1n an exposure apparatus
such as an optical exposure apparatus, an EUV exposure
apparatus, an X-ray exposure apparatus, and an electron
beam exposure apparatus.

Incidentally, the disclosures of all publications, the PCT
international Publications, the U.S. patent application Publi-
cations and the U.S. patents that are cited 1n the description so
far related to exposure apparatuses and the like are each
incorporated herein by reference.

Electron devices such as semiconductor devices are manu-
factured through the following steps: a step where the func-
tion/performance design of a device 1s performed; a step
where a reticle based on the design step 1s manufactured; a
step where a waler 1s manufactured using a silicon material; a
lithography step where a pattern of a mask (the reticle) 1s
transierred onto the water with the exposure apparatus (pat-
tern formation apparatus) of the embodiments described ear-
lier and the exposure method thereof; a development step
where the exposed water 1s developed; an etching step where
an exposed member of an area other than an area where resist
remains 1s removed by etching; a resist removing step where
the resist that 1s no longer necessary when the etching 1s
completed 1s removed; a device assembly step (including a
dicing process, a bonding process, and a packaging process);
an mspection step; and the like. In this case, in the lithography
step, the exposure method described earlier 1s executed using
the exposure apparatus of the embodiments above and device
patterns are formed on the wafer, and therefore, the devices
with high integration degree can be manufactured with high
productivity.

While the above-described embodiments of the present
invention are the presently preferred embodiments thereof,
those skilled in the art of lithography systems will readily
recognize that numerous additions, modifications, and sub-
stitutions may be made to the above-described embodiments
without departing from the spirit and scope thereof. It 1s
intended that all such modifications, additions, and substitu-
tions fall within the scope of the present invention, which 1s
best defined by the claims appended below.

What 1s claimed 1s:

1. An exposure apparatus that exposes an object with an
energy beam via an optical system and a liquid, the apparatus
comprising:

a first and a second movable bodies which independently
move on a guide surface parallel to a two-dimensional
plane while each holding the object, and at each of which
a measurement surface parallel to the two-dimensional
plane 1s arranged;

a guide surface forming member that forms the guide sur-
face;:

a liqud supply device that supplies the liquid to a space
between the optical system and the object held by the
first or second movable body;

a first measurement system that irradiates the measurement
surface of the first or second movable body that moves
within a first area, with a measurement beam from a side
opposite to the optical system with respect to the guide
surface forming member, and receirves light from the
measurement surface, thereby obtaiming positional
information of the first or second movable body; and

a second measurement system that, when one of the first
and second movable bodies located within the first area
moves 1n proximity to the other of the first and second
movable bodies and thereby the liquid supplied on the
one ol the movable bodies moves onto the other of the
movable bodies, obtains at least positional information
of the other of the movable bodies.
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2. The exposure apparatus according to claim 1, wherein

the first measurement system 1rradiates the measurement
beam on a point on the measurement surface that corre-
sponds to an exposure position that 1s a center of an
irradiation area of the energy beam irradiated on the
object.

3. The exposure apparatus according to claim 1, wherein

the second measurement system 1irradiates the measure-
ment surface of the other of the movable bodies that
moves within an overlapping area at least a part of which
overlaps the first area within the two-dimensional plane,
with a measurement beam from a side opposite to the
optical system with respect to the guide surface forming
member, and receives light from the measurement sur-
face, thereby obtaining positional information of the
other of the movable bodies.

4. The exposure apparatus according to claim 3, wherein

the second measurement system, together with the first
measurement system, rradiates the measurement beam
on the measurement surfaces of the first and second
movable bodies located within the at least a part of the
overlapping area.

5. The exposure apparatus accordlng to claim 1, wherein

the second measurement system includes an 1nterfer0meter
system that obtains positional information of the first
and second movable bodies by irradiating a measure-
ment beam on retlection surfaces that are respectively
arranged at the first and second movable bodies and
receiving light from the reflection surfaces.

6. The exposure apparatus according to claim 1, further

comprising;

a mark detecting system that detects a plurality of marks
arranged on the object held by the first or second mov-
able body within a second area that 1s away from the first
area.

7. The exposure apparatus according to claim 6, wherein

the first and second movable bodies move between the first
and second areas passing through a measurement area
where the second measurement system obtains the posi-
tional information of the first and second movable bod-
1€8.

8. The exposure apparatus according to claim 6, turther

comprising:

a third measurement system that obtains positional infor-
mation of the first or second movable body by irradiating
the measurement surface of the first or second movable
body that moves within the second area, with a measure-
ment beam from a side opposite to the optical system
with respect to the guide surface forming member, and
receiving light from the measurement surface.

9. The exposure apparatus according to claim 8, wherein

the third measurement system irradiates the measurement
beam on a point on the measurement surface that corre-
sponds to a detection center of the mark detecting sys-
tem.

10. The exposure apparatus according to claim 8, wherein

at least a part of the third measurement system 1s 1nstalled
at a second support member supported by a first support
member that supports the optical system.

11. The exposure apparatus according to claim 10, wherein

the guide surface forming member is a surface plate which
1s placed on the optical system side of the second support
member so as to be opposed to the movable body and
which has the guide surface formed on one surface
thereol on a side opposed to the movable body, and

the second support member 1s supported by the surface
plate without being 1n contact with the surface plate.
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12. The exposure apparatus according to claim 10, wherein

at least a part of the first measurement system 1s placed at
the second support member.

13. The exposure apparatus according to claim 10, wherein

at least a part of the second measurement system 1s placed
at the second support member.

14. The exposure apparatus according to claim 1, wherein

at least one of the first and second movable bodies includes
a first movable body member that 1s movable on the
guide surface while holding the object, and a second
movable body member that 1s placed on an outer side of
the first movable body member and 1s movable on the
guide surface while supporting the first movable body
member relatively movable, and

the first and second movable body members are 1n prox-
imity to each other when the first and second movable

bodies are 1n proximaity.

15. The exposure apparatus according to claim 14, further

comprising;

a relative drive system that drives the first movable body
member relative to the second movable body member.
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16. The exposure apparatus according to claim 14, further

comprising;

a relative position measuring system that obtains relative
positional mformation between the first movable body
member and the second movable body member.

17. The exposure apparatus according to claim 1, wherein

the measurement surface 1s arranged on a first surface of
each of the first and second movable bodies, the first
surface being opposed to the guide surface and parallel
to the two-dimensional plane, and

the object 1s mounted on a second surface of each of the first
and second movable bodies, the second surface being on
a side opposite to the first surface and parallel to the
two-dimensional plane.

18. The exposure apparatus according to claim 1, wherein

on the measurement surface, a grating whose periodic
direction 1s 1n a direction parallel to the two-dimensional
plane 1s arranged, and

the first measurement system receives diflraction light
from the measurement surface.

19. A device manufacturing method, comprising:

exposing an object using the exposure apparatus according,
to claim 1; and

developing the exposed object.
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